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Abstract:
Based on an overwhelming body of evidence, there is scientific consensus that global climate is 
changing and warming of the climate change is unequivocal. Since the 1950's many of the 
observed changes are unprecedented over decades to millennia (fPCC, 2013). The concentrations 
of greenhouse gases have increased, the amounts of snow and ice have diminished, sea level has 
risen and the climate atmosphere and ocean have warmed (IPCC, 2013). However, climate 
variability and change are considered as important factors for societal developments where they 
are affecting societies in many ways. In this trend, today, there is new and robust evidence that 
increased storminess, accelerated sea level rise and coastal erosion as a consequence of global 
warming are highly likely to have profound impacts on coastal ecosystems and communities 
worldwide. The occurrences of such consequences are expected to increase in frequency due to 
the effects of climate change. Globally, different set of scenarios predicted that sea-level would 
continue to rise between 0.18 to 0.80 cm by 2100.
Consistent with global trends, Oman has warmed by ~ 1.03 °C over the last century. There has 
also been significant inter -annual variability in tropical cyclone frequency and a decrease in 
precipitation. Additionally, flooding due to storms and tropical cyclones is one of the most 
devastating naturally hazards in Oman. During the past seven years, Oman experienced two very 
severe tropical cyclones (Gonu 2007 and Phet 2010), which have affected local economies and 
communities along the coastal areas. As a result of these changes, attention and awareness has 
been raised nationally to climate variability and climate change.
The main objective of this research is to identify and assess some of the main vulnerable areas of 
coastal zone of Oman to the climate change implications with particular emphasis on sea level 
rise. The aims of the study are to: 1) investigate climate and geophysical trends in Oman over the 
last few decades; 2) assess vulnerable areas of coastal zones of Oman to sea level rise; and 3) 
assess the current adaptation measures and point out the urgent need to build up institutional and 
human capacities to approach problems and to indentify gaps, points of strength and points of 
weakness, options of adaptation and needs for sustainable coastal management plans.
This is important for the creation of an effective coastal zone management development strategy 
that can respond to Climate Change impacts. Thus there is a need to know what is potentially at
risks, which lead to the development of a coastal vulnerability index (CVI). The CVI assesses the 
relatively physical vulnerability to the coast. The study outlines the broad techniques used to 
determine the CVI for Oman coastlines, which identified zones at risk to sea level rise and 
assesses its implications for coastal management in Oman. The study shows that AL Batinah and 
Muscat Govemorates are classified as the most highly vulnerable to the impacts of sea level rise 
because they are most populated and with higher socio-economic activities along their coastlines. 
However, the findings of this research will be used to define national strategies and policies for 
climate change adaptation and mitigation for coastal areas.
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Chapter 1 
Introduction & Thesis Overview:
1.0 Introduction:
In this chapter, I describe the context in which this research has evolved. I outline 
how climate change emerged as an area o f study within the natural sciences and 
has now become a major environmental and social issue. This chapter also 
explores the contextual determines and dimensions of the current practices of a 
Coastal Zone Management Planning (CZMP) in dealing with climate change 
impacts in Oman.
Additionally, this chapter indicates why there is a need to engage climate change 
issues with the coastal zone management planning. Finally, the research questions, 
aims, the thesis context, methodology and knowledge contributors are described.
1.1 Coastal Zone and Climate Change Impacts:
Globally, coastal zone and its adjacent seas are widely known as the most dynamic 
and fragile natural environments interface on Earth, at the narrow transition zone 
between the world's land and oceans (Klein, 2002; IPCC, 2001; Martens, 2000).
It is characterised as a highly diverse ecosystem and is of great ecological and 
socioeconomic importance (Sano et al, 2009; Marabini, 2007; Klein, 2002) and 
supports highly productive and diverse natural habitats such coral reefs, 
mangroves, wetland and sea grasses that are important as a source of food and a 
habitat for many species. In addition, it sustains economic activities which in many 
places have led to a high rate o f population growth and economic development. 
(Nicholls & Hoozemans, 1996).
Throughout history, humanity has preferred coastal zones than other regions to 
take the advantage of the range of opportunities for human activities, 
transportation, recreation and food production provided here. However, such
coastal populations are growing and expected to grow more rapidly than the global 
average as a result of net coastward migration and urbanising (Purvis et al, 2008, 
Nicholls 2002).
In view of coastal population growth, Nicholls and Lowe (2004) indicated in 1990 
at least 1.2 billion or approximately 23 % of the world’s populations were 
estimated to live in or near coastal zones, below 20 m elevation in the area 
inundated by a 1 in 1000 year flood. Few years later, Dawson and Spannagle 
(2009) reported the increase of such population within 100 km distance and 100m 
elevation of the coastline to be about one quarter of the world population, and their 
numbers are likely to increase over the next half o f the current century to be 600 
million by 2100 (Nicholls and Mimura,1998). Klein (2002) also proclaimed that 
most of the population growth in developing countries will be concentrated in 
coastal zones.
In addition to population growth and urbanisation, many of the world’s major cities 
and variety of socio-economic activities such as industrial, tourism, fisheries, 
transportation and recreational facilities are concentrated on coastal areas (Klein, 
2002) which increase the stress on such areas.
In general terms, the dramatic increase o f coastal zone populations has caused 
significant changes to coastal environments, not only in increasing demands on 
coastal resources but also increasing exposure to coastal hazards such as erosion, 
flooding and salinity intrusion (Nicholls and Hoozemans, 1996). However, 
Nicholls (2002) argued on population growth in coastal zones which is expected to 
aggravate these problems.
On the other hand, amongst such stresses coastal zones are considered to be highly 
vulnerable to the effects of climate change which increasingly threaten the world’s 
coastline and exacerbate the impacts of coastal hazards causing progressive 
flooding and erosion of shorelines (Abuodha and Woodroff, 2006 ; Michel and 
Pandya, 2010). According to the Second Assessment Report o f the 
Intergovernmental Panel on Climate Change (IPCC) and to Bijlsma et al (1996)
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coastal zones are sensitive regions to climate change which represents potential 
stress on systems that are already under intense and growing pressure due to the 
potential effects of sea level rise and changes in storm activity.
Rabbani et al (2010) emphasise climate change to be the greatest threat to human 
lives and livelihoods in coastal zones all over the world. The evidence assembled 
for the (IPCC) 2007 fourth assessment report confirmed with high confidence that 
coastal zones globally are undergoing adverse consequences from climate change; 
such consequences include in addition to sea level rise, inundation, erosion and 
loss of ecosystems. The studies also demonstrated that the coastal zones are highly 
vulnerable to extreme events such as cyclones, extreme waves, storm surges, 
altered rainfall, runoff patterns, tsunamis, flooding, shoreline erosion, and influx of 
biohazards such as algal blooms and pollutants (IPCC, 2007; Klein and Nicholls 
1999; IPCC, 2001).
Over the last century, the governments all over the world have requested a series of 
authoritative assessments of scientific knowledge about climate change, its impacts 
and possible approaches for dealing with climate change (Klein &Nicholls,1999). 
Large coastal cities have received more attention because of the concentration of 
poor population in potentially hazardous areas which has created vulnerability 
hotspots that attract more climate change research. In addition, limited literature is 
available on the vulnerability and adaptation of fisheries regardless of the 
significance for livelihoods and regional economies. Therefore, there was an 
urgent need to address a complete understanding o f climate change impacts and 
vulnerability on coastal areas and to coordinate the relevant policy instruments and 
actors at multiple scales, and to guide planning that integrates short term demands 
as well as medium and long range needs (Huang, 1998).
For global climatic change mitigation of coastal areas, the IPCC has assessed the 
impacts of climate change to be considered within the context of present coastal 
developments and stress to ecosystem. Therefore, many efforts have been made in 
order to adapt to climate change in such areas. Among the most important is the 
Integrated Coastal Zone Management (ICZM) process, ICZM has been suggested
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as an effective coastal protection strategy to meet the commitments and obligations 
o f other recent international agreements and initiatives (Ehler et al, 1997). ICZM is 
recognised as a dynamic and most effective process for achieving sustainable 
development by taking into consideration ecological, economic and social 
resources of the coastal environment and adopts sustainable measures to reduce 
negative impacts of natural phenomena, including impacts o f climate change 
(Pickaver etal, 2004).
However, the successful implementation of plans and programs within ICZM in 
dealing with climate change is either weak or non-existent in many coastal 
countries and need to be strengthened.
For that reason, (ICZM) was adopted in many countries before the introduction of 
climate change concerns is considered. ICZM is considered as a suitable 
framework for climate change mitigation and adaptation in coastal areas and forms 
an essential part of a national climate change plan to provide information about 
vulnerabilities to current climatic conditions and a prerequisite for research and 
policy into future climate change (Murray, 2005 ; Michel& Pandya, 2010).
Although, climate change is not widely included in research and policy, however, 
ICZM is now beginning to address the implications for their models. ICZM is 
imperative for several reasons (Ehler et al, 1997; Pickaver et al, 2004; Klein and 
Nicholls,1999):
1) Proper management can minimize or prevent development in vulnerable areas,
2) Promising platform from which to base climate change adaptation; without a 
doubt, climate change will increase the demand for integrated coastal management 
at the international level.
3) ICZM is considered as a holistic, multidisciplinary approach that involves a wide 
range of structural and non-structural tools with the aim of climate change 
adaptation; and
4) ICZM involves a bottom-up perspective which balances the dominant top-down 
approach found within climate change policy. For example, there should be more 
communication between the ICZM plans and programmers and climate change
impacts; in particular, when planning for new climate change models they should 
be fed into current coastal zone management programmes.
Overall, ICZM is a process which provides the framework to perform vulnerability 
assessment, guide awareness, recommend appropriate adaptation measures and 
build adaptive capacity. Therefore, ICZM is considered as an ideal tool to manage 
adaptation to climate change consequences and minimize human and habitat losses
Furthermore, ICZM can be used to develop realistic policy strategies for reducing 
the impacts of climate change for decision-makers and scientists to be prepared for 
future change, identifying the link between changing natural and socio-economic 
conditions, establish proper hazard response and adaptation strategies in order to 
be well prepared for future consequences. Such long-term responses and strategies 
should be integrated with existing short-term plans in order to create an effective 
and efficient integrated coastal zone management programme.
1.2: Coastal Zone of Oman and Impacts of Climate 
Change:
With about 3165 km of coastline which are a rich and essential ecosystem to 
society, Oman is a good example o f a coastal region where human stresses are 
already significant and continue to grow (MRMEWR, 2003). Its coastal zone is 
well known as a major attractive environment for commercial developments, 
residential, economic activities, tourism and recreation and these areas become 
more crowded every year. High population growth and rapid spread of 
urbanization place considerable pressures on the country’s coastal resources. In the 
light o f recent alarming studies on climate change, the potential consequences of 
climate change are not yet being comprehensively considered in Oman coastal 
management. However, it is urgent to develop adaptation strategy to climate 
change with regard to the development of coastal uses and such issues should not 
be ignored in Oman.
Although Wilson (2007) has highlighted that the Sea of Oman (used to call Gulf of
Oman) is rarely affected by cyclones ,however, during the past decades it has been
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affected by three cyclones between 1876 to 2007 as estimated by the Indian 
Meteorological Department records of cyclonic storm tracks. The first cyclone was 
recorded in June 1890 that had apparently traversed several hundred kilometres of 
desert to the south, the second, in July 1959, entered the Sea of Oman from the 
Arabian Sea, and the third is Gonu in 2007 which was the most intense tropical 
cyclone on record in the Arabian Sea. Based on the such information (Wilson, 
2009; Dibajnia et al ,2009 ) have concluded that the three cyclones have affected 
the Sea o f Oman coast since 1876, in a period of 132 years.
Recently, in June 2010, just three years after Cyclone Gonu (2007), the Sea of 
Oman has been affected by other tropical cyclone ‘Phet’ causing landslides and 
floods in the eastern part of the country.
Based on Wilson, (2007), any increase in sea surface temperature o f the Northern 
Indian Ocean as a result of climate change, will cause greater convective activity 
which will lead to an increase in wind speed and generate strong storm surges and 
as a result, will cause tropical cyclones. Wilson (2007) has also concluded that an 
increase in sea surface temperature resulting from climate change is likely to lead 
to higher storm surges and an increased risk of coastal flooding.
For that reason, today’s climate variability and weather extreme already pose 
significant risks to Oman. They reveal the country’s vulnerability and existing 
challenges in dealing with impacts of climate change. Continued climate changes 
and risks will likely further challenge Oman’s ability to cope with related stresses 
in future such as potential for storm damage and expensive economic impacts. A 
better integration of adaptation policies and mitigation initiatives is o f great 
importance to start thinking about moving forward the implementation of 
adaptation actions and strengthening mitigation policies.
Moreover, in the light of recent studies on climate change, potential consequences 
of climate change are not yet being comprehensively considered in Oman coastal 
management planning. In view of the anticipated impacts o f climate change 
(including sea level rise, flooding, extreme events and cyclones) and anticipated 
future risks and storms of increasing intensity and the continuing pressure for 
expansion of development into areas o f risk, the government urgently needs to
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prepare and maintain coastal hazards and risk management plans and communicate 
the growing incidence of current and anticipated future risk to decision makers to 
inform sustainable coastal zone management plan and decisions. This conclusion 
has been the main motivation behind this research which aims for better 
understanding the current coastal zone management planning in dealing with 
climate change impacts in the coastal areas o f Oman.
Climate change assessment, mitigation and adaptation decision making and 
administrative hierarchy in Oman is the responsibility of different authorities based 
on their respective roles and competence, such as Ministry of Environment and 
Climate Affairs, Ministry o f Transportation and Telecommunication, Ministry of 
Agriculture and Fisheries, Ministry of Regional Municipalities and Water 
Resources, the National Committee on Natural Disaster and Muscat Municipality.
In general, tremendous population growth along the coastline o f Oman, in 
combination with its climate conditions has called for a detailed assessment of the 
possible impact of expected climate change. Therefore, the main aim of this 
research is to determine how Oman’s coastal systems and communities would and 
could respond and adapt to climate change, and how these responses may be 
assessed as a part of CZMP. The consequences for policy and CZMP will then 
increase the need for more sophisticated and detailed assessment of the 
implications of climate change.
The study of climate change impacts and coastal zone management is a developing 
field with limited empirical and conceptual work already performed in Oman. This 
thesis aims also to strengthen the empirical basis of this field in order to improve 
its theory and practice. Additionally, this research provides the context for coastal 
vulnerability and adaptation assessment by giving an overview of current stresses 
in coastal zones as well as the possible present-day and future effects of climate 
change on coastal sustainability.
1.3 The main objectives of this research are as follows:
As stated above, this research focuses on exploring and understanding the current 
effectiveness of coastal zone management planning to climate change impacts. It is 
hoped that this study will build on the understandings the following:
Firstly understanding past and present climates and the domino effects of climate 
change is necessary to estimate possible future changes and their impacts.
Secondly, there is a need to gain as much understanding as possible regarding the 
exact nature and extent o f possible risks related to future climate impacts in coastal 
areas. It is important for Oman to understand the biophysical and socio-economic 
effects o f climate change and vulnerability to present-day and future climate 
extremes such as cyclones in order to provide a useful insight into the adaptive 
capacity of the country.
Thirdly, to develop realistic policy strategies for reducing the impacts o f climate 
change, decision-makers and scientists have to be prepared for future change, 
identifying the link between changing natural and socio-economic conditions. 
Hazard response and adaptation strategies need to be established to allow 
preparation for future consequences. Such long-term responses and strategies 
should be merged with existing short-term plans in order to create an effective and 
integrated coastal zone management programme.
As will be seen in the following chapters, in the light o f recent studies on climate 
change, the potential consequences of climate change are not yet being 
comprehensively considered in Oman by coastal management agencies. In view of 
the anticipated impacts o f climate change (including sea level rise, flooding, 
extreme events and cyclones) and the continuing pressure for expansion and 
development in areas o f risk, the government urgently needs to prepare and 
maintain coastal hazards and risk management plans. The growing incidence o f 
current and anticipated future risk needs to be communicated to decision makers to 
inform sustainable coastal zone management plans and decisions.
1.4 Research Question(s):
Accordingly the overall aim of this thesis is achieved through answering the 
following question(s) addressed in this thesis:
Overall research question: *How effective is the CZMP in dealing 
with climate change impacts in Oman for the short and long term 
time scales (1970-2050) ? ^
To meet the aforementioned aims and objectives, the following further questions 
will be investigated and explored:
Q l. What are the (a) past and current climate change impacts (1970-1990; 
1990-2010) (b) future expected impacts (up to 2050) on the natural 
environment in Oman’s coastal zone?
Information on the possible impacts o f climate change in both short and long term 
scales is essential to determine the most appropriate means of adapting to climate 
change and the timing and scale of the response. To date, few studies have been 
carried that assess and evaluate the impacts of climate change on coastal areas in 
Oman. The lack of observations in Oman is attributed to a deficiency in studies of 
climate impacts on natural ecosystems and species at the national level.
In spite o f this, a link between climate change and other environmental and socio­
economic problems is expected, so policies have to take these impacts into 
account. Moreover, greater identification of the physical impacts o f climate change 
is expected in the future, which will certainly help decision-makers to develop a 
realistic policy strategy for reducing the impact of human activities on coastal 
zones.
Question 1 will address the most significant, potential and immediate climatic 
impacts that are likely to affect the marine and coastal environment of Oman; 
during past and present-day for years (1970-2010). Some attention will also be 
given to estimate future impacts, up to 2050. Herein we will assess the little 
evidence in existence showing that recent impacts have already affected the coastal 
environment.
The research will focus mainly on the greatest impacts involved in structuring 
coastal communities within these systems, and for which projections over the next
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100 years are available from global climate models. Such impacts include 
Increasing temperature; alteration of winds; alteration o f currents; increase in 
frequency or intensity o f severe storms and extreme rainfall events; decrease in 
average rainfall, and sea level rise. The analysis o f these impacts will be based on a 
review of available literature and information and data on the history of such 
impacts on coastal zones, in addition to assessing the impacts o f the sea level rise 
based on scenarios.
Outcomes;
By assessing impacts o f climate change on coastal areas in Oman, the study design 
will identify the most significant and potential future impacts of climate change. 
This will allow evaluation o f the appropriateness of the plans and programs for 
coastal zone management in dealing with such impacts of climate change. The 
results will also help to determine the extent to which such issues have been taken 
into consideration.
Q2. What are the effects of (above) climate change impacts on Oman’s most 
socio-economic areas that are important for the following sectors?
a. Infrastructure / transport (current / future)
b. Settlements (current / future)
c. Industry sectors (current / future)
i. Tourism
ii. Industrial; and
iii. Agriculture & fisheries
Climate change impacts may adversely affect vital economic sectors in the coastal 
areas, such as industry, agriculture and tourism, and have substantive impacts on 
local communities. It is therefore essential to assess the vulnerability of coastal 
systems to climatic impacts; particularly the sea level rise and storms induced as 
Oman recently experienced with two worst cyclones in a period of three years 
(2007 & 2010). Consequently such assessment will without doubt provide decision 
makers with information on potential consequences of climate change hazards and 
thus enable them to apply proper mitigation and or adaptation strategies.
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Question 2 aims to identify the most important socio-economic coastal zones and 
indicate which of the aforementioned impacts of climate change are likely to affect 
them directly or indirectly.
In addressing this question it is useful to use the most powerful tool available 
today; the vulnerability assessment for climate change. The vulnerability 
assessment considers the most important factors; the nature and magnitude of 
climate variability and change; the human, capital and natural assets that will be 
exposed to and impacted by climate change, and the current capacity o f coastal 
communities and ecosystems to adapt to and cope with present-day and future 
climate threat (IPCC, 2007). As a result, the coastal vulnerability assessment in 
Oman will enable scientists and decision makers rank the possibility o f physical 
changes that may occur along the shore line as the sea level rises.
Developing models o f coastal vulnerability in Oman will follow the IPCC 
guidelines and methodologies and using Geographical Information System GIS 
(more detail provided in Annex 2), remote-sensing and modelling techniques. 
Vulnerability can be assessed in many different ways; the best is a combination of 
social, physical and economic principles that have to be examined. Once the 
methodology o f vulnerability has been identified and developed by using both 
qualitative and quantitative terms, which are based on the various techniques 
utilised within the assessment such as different physical, socio-economic and 
ecological parameters relevant for coastal vulnerability assessment at regional 
scale (IPCC, 2007).
Such combinations of all parameters and information on coastal areas have been 
classified then will greatly treated by GIS capabilities as well as remote sensing 
application, the appropriate calculation of vulnerability index would be developed 
considering the potential climatic changes impacts for both short and long term 
period.
Question 2 examines aspects of climate change that are relevant in determining 
how coastal zones will respond to global climate change. These aspects will define 
the current and future problems related to socio-economic uses of coastal areas and 
the current legislative framework placed for such issue. For example, the socio-
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economic risks will be associated with direct loss o f land, direct loss of 
infrastructure and coastal habitats in addition to risk associated to loss economic 
and cultural values.
However, due to the long coastline of Oman, the vulnerability assessment will be 
focused principally on the critical areas for the socio-economic developments and 
environmental features (such as conservation areas, cultural sites, tourism and most 
densely populated); in addition to their sensitivity to climate change impacts such 
as storms and cyclones based on available data.
Outcomes:
The assessment of vulnerability will:
1. Identify vulnerable areas, land use and infrastructure of specific sectors within 
coastal zone of Oman
2. Discuss the relationship between current sectoral policies and vulnerable land use 
within the coastal zone
3. Develop policy recommendations that aim to protect sectors within coastal areas 
from risks associated with climate change.
Understanding the vulnerability to current climate impacts (e.g. sea level rise) 
would indeed provide useful insights about adaptation measurements and capacity. 
As a result, managers and decision makers will be able to anticipate impacts that 
could result from the climate change. This could help prioritise management 
efforts that need to be undertaken in order to minimize risks and reduce possible 
consequences. In addition, assessment of vulnerability will contribute to coastal 
zone management programs, especially those that are based on awareness o f the 
types and magnitude of problems that different coastal areas may have to face as 
well as on possible alternative solutions.
12
Q3. How effective are current planning strategies for managing climate 
change impacts (on ecosystems and human systems) in Oman’s coastal zones?
a. Conceptually / theoretically (critical assessment of the theory)
b. Practical application and implementation (how the system may or may not 
work in practice)
The potential impacts of climate change on coastal zones combined with an ever 
increasing number of people living in these areas motivate a more long-term 
perspective in coastal management. As mentioned previously, populations and 
economic developments are increasingly concentrated along the coastline of 
Oman, often in areas prone to flooding under extreme weather events such as 
storm surges and cyclones. Although Oman developed its coastal zone 
management plan since mid 80's, (concentrating on for example, natural resources 
management planning including the various sectors impacting coastal zones), we 
argue herein that there is no system to deal with climate change impacts being 
enforced in Oman. There is also little existing policy at the governmental level that 
has the potential to minimize risks and other harmful impacts of climate change on 
coastal zones. Therefore, such efforts should be a priority for government 
authorities, to deal with land use planning and natural resources management. 
Implementation of a coastal zone management strategy in association with climate 
change impacts should be a top priority for adaptation.
For this reason, question 3 explores whether such perspectives raise the need for 
developing coastal management strategies on a larger spatial scale. The question 
will be based on different interviews with different stockholders (Governmental 
and private sectors) to investigate what progress had been made so far, and what 
are planning strategies exist for long-term (up to 2050) coastal management. These 
investigations will account for specific characteristics such as types of land use, 
human health and ecosystem conservation.
Improvements and maintenance of coastal defence systems can include strategies 
such as, avoiding investments in flood prone zones, managed retreat and flood 
insurance, improving coastal protection systems such as mangroves and coral reefs 
and other coastal systems, in addition to prevention programs. Disaster
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preparedness and public risk awareness are fundamental in reducing the reaction 
time of each individual, so reducing the damage of a flood disaster. All of these are 
good examples o f strategies that would not only decrease vulnerability to current 
climate variability but would also increase preparedness to flooding and other 
potential impacts of climate change in coastal areas.
CZMP should include assessment of the potential impacts of climate change. It 
should also provide a framework to balance resource allocation decisions across 
the government. An important aspect o f such plans is the institutionalisation of 
mechanisms for shared management responsibilities between government and 
communities, which foster stakeholder participation in the decision making.
1.5 The Methodology:
The present study used various methods to achieve its aims. It used both 
quantitative and qualitative approaches. Firstly, quantitative assessment addressing 
the impact of climate change on coastal areas by assessing the vulnerability those 
areas using Coastal Vulnerability Index ( CVI) method, followed by development 
of different Sea Level Rise (SLR) to assess the projection of future climatic 
change impacts on different coastal areas of Oman. Such methods will identify 
vulnerable sectors, regions and resources and assess the degree of future risk posed 
by SLR in order to enhance the national capacity to address the possibility o f 
accelerated SLR (discussed in details later in chapter four).
Then to examine views on the coastal management planning in dealing with 
climate change issues in more details, semi-structured interviews will be used. 
From these data the obstacles that might face the successful implementation and 
the facilitating factors that might help in supporting the implementation will be 
identified. Finally, a case study method has been conducted to gather the views o f 
the experience selected sectors as to the possibilities of the coastal zone 
management planning in dealing with current and projected climate change 
impacts and gain some more information for the implementation framework.
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1.6 The present study’s contribution to knowledge:
The value of this research will be in offering practical support for policy makers in 
the issue of climate change and developing workable mitigation and adaptation 
policies. This research in addition, contributes to existing knowledge by analysing 
the best implementation for improving the current CZMP in dealing with climate 
change consequences. To the writer's best knowledge, as has been mentioned 
earlier, there has been no previous effort made in the Government in general and in 
the Ministry o f Environmental and Climate Affairs particularly. Thus the study 
will be useful body of knowledge for coastal planning and climate change in Oman 
and should lay a foundation for further research. In addition, it presents a proposed 
model for better implementation of CZMP with an explanation of its 
implementation framework.
1.7 The outline of the thesis:
This thesis consists o f eight chapters: the context, the literature review, and the 
methodology, data analysis and conclusions, in addition to this overview & 
Introduction.
Chapter one, provides the context, aims to provide a background o f the thesis and 
its environment. Chapter one is the overview and introduction to the whole thesis. 
It provides information about the problem of the thesis, the research question (s), 
the aims and objectives, the contribution of this thesis to knowledge, the 
methodology and the outline of the thesis.
Chapter two "The climate change and Sultanate of Oman" deals with climate 
change and coastal zone management planning challenges that faces Oman and 
which are creating a need for the government to change. In addition the chapter 
will explore in details, "The Sultanate o f Oman" its location, geography, climate 
and population. This chapter concludes with a discussion of some issues that will 
be raised from the chapter that concern climate change impacts on coastal areas.
Chapter three will discuss the literature review. This chapter will review some 
researches that have been conducted to date on climate change issues including its
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causes, impacts, modelling and scenarios used for projection o f climate change 
impacts, in addition, to global concern on coastal zone management planning as an 
essential tool for climate change management. It concludes with a brief discussion 
exploring the climate change and coastal zone planning in Oman.
Chapter four will consider in details the methodology which will be applied for this 
research. The methodology chapter 9chapter four) describes in details the stages of 
the thesis. It describes the validity and reliability of the tools: SLR scenarios, 
coastal vulnerability index (CVI), interviews, and the case studies. It describes the 
statistical analysis process used. It concludes with a description o f key target 
groups for the survey.
The data analysis and discussions are presented in the two methods: the 
quantitative data and the qualitative data analysis. Chapter five & six will discuss 
the results of the quantitative data which have been collected from CVI calculation 
and building different SLR scenarios respectively.
Chapter seven discuses the qualitative data collected from the semi-structured 
interviews. It presents the significant themes emerging from these data and is 
illustrated by extracts from the interview notes. It concludes with discussing some 
issues that arose from the qualitative data. The last chapter eight will be the 
conclusion chapter. It draws together the issues highlighted by the literature review 
and the results of the field work and brings them together to present the CZMP and 
its proposed framework. It concludes with some recommendations for the 
government regarding dealing with climate change as vital requirements in the 
CZMP, and some recommendations for further research and studies in this area.
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Chapter Two 
Sultanate of Oman and Climate Change Issues 
2.0 Introduction:
This chapter provides an introduction to the potential impacts of changes in climatic 
conditions which could affect the world coastal areas. In addition, this chapter 
highlights in more detail the Sultanate of Oman its location, the importance o f coastal 
systems, the population and the action that the government has taken to manage the 
coastal areas and tackle climate change. This chapter also provides an insight into 
some of the current weakness of the coastal planning in engaging climate change 
hazards and indicates why there is a need for an urgent strategy into achieving the 
national goal o f ICZM over associated climate change impacts.
2.1 Climate Change and Coastal Zones:
As has been revealed earlier in chapter one, climate change is one o f the most 
important global environmental challenges facing humanity and has been accepted as 
one o f the global problems which is not easy to tackle (IPCC2007 ; Ravindranth et al, 
2003). According to Frederic and Emilliano (2001) climate change is widely agreed to 
be a serious threat to the world's environment and for several years, global warming 
and climate change have prompted considerable discussion. It is considered a real 
and urgent challenge that is already affecting people and the environment worldwide 
(Alnaser & Merzaa, 2003).
Arguably, recent scientific studies have led to a concern that climate change impacts 
are omnipresent, with intense impacts on water resources, livelihood, ecosystems, 
energy, agriculture and other socio-economic affairs (Alam & Ahmed, 2010). 
Additionally, climate change causes cascade effects in a wide range of areas, and 
these effects may be direct at times, especially when manifested as natural disasters 
and destruction of ecosystems, consequently, the major problem is the rate of change 
(Barring & Laprise, 2005). Solomon et al (2007) pointed out that, more abrupt
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changes will lead to greater negative impacts particularly concerning biological 
societies unable to adapt to such rapid change. As a result, many species will face the 
risk o f extinction. It is therefore of vital important to predict and prepare for the future 
climate changes.
Furthermore, according to Torresan et al ( 2008), during the 21^ century global 
climate change is a major threat facing humanity. The Fourth Assessment Report o f 
the IPCC (2007) also states that the warming of climate system is unequivocal and 
although the potential impacts of climate change themselves may not always pose the 
greatest threat to natural coastal systems, however, in conjunction with other stresses 
they could become a serious issue for coastal societies, particularly in those places 
where the resilience of the coast has been reduced. In general, IPCC (2007) concluded 
that, “there is stronger evidence that global warming is likely to have profound 
impacts on coastal communities”.
Sea level rise, changes in temperatures and precipitation pattern, in addition to 
variation in the frequency, distribution and intensity of extreme events such as 
cyclones and storm surges are the most consequences of climate change on coastal 
areas (Brochier & Ramieri, 2001).
At regional level, climate changes will vary from region to region, and will have a 
distinct regional character and different impacts on coastal zones depending on social, 
cultural, economic and environmental conditions (fPCC,2007). Although changes in 
extreme event, is still uncertain, they are likely to have important consequences for 
coastal zones and the mechanisms that determine the occurrence o f such events, as 
well as their pattern, are poorly understood. Nonetheless, cyclones in the Bay o f 
Bengal and hurricanes in the Caribbean have already caused serious economic 
disruption, damage to infrastructure and loss o f human life, independent of global 
climate change (Klein, 2002).
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Against this background, the global vulnerability assessments carried out by 
Hoozemans et al. (1993) and Baarse (1995) suggest that some 189 million people 
presently live below the once-per-1000 years storm surge level (“ the hazard zone”). 
They also estimate that, under present conditions, an average o f 46 million people per 
year experience storm-surge flooding. This number would double if  sea level rises 50 
cm (92 million people/year), and almost triple if  it rises one meter (118 million 
people/year). Furthermore, between 86% and 92 % of these people would experience 
flooding even more than once a year (Klein, 2002). These projections do not take into 
account any further population growth, changes in storm frequencies and intensities or 
adaptive response.
Yet, in recent update, Nicholls (2002) estimates the current number of people living in 
the hazard zone at 197 million and the average annual number o f people flooded at 10 
million. In other words, when population growth is considered, the former figure 
would increase to 399-598 million in 2100 in the absence of sea level rise and to 503- 
755 million in 2100 when a high sea level rise scenario is assumed (96 cm in 2100). 
Recent assumption assumes that, in no upgrade in protection levels and the same high 
sea level rise scenario, the average annual number of people flooded would be 326- 
510 million in 2100, of whom 309-484 million would be flooded more than once per 
year (Solomon et al., 2007).
On the other hand, in assuming that protection levels increase with growing national 
income reduces the number to 211-337 million in 2100, of whom 195-311 million 
would experience flooding more than once per year (Fairbank & Jakeways, 2007).
Overall, according to recent studies, climate change impacts including severe and 
frequent cyclones, storms, floods, droughts and accelerated sea level rise, could lead 
to adverse affects on coastal regions where most of the world’s population lives 
(Huang, 1997). Tyagi et al 2010, classified tropical cyclones as the most dangerous, 
damaging and devastating phenomenon among all natural disasters, as more than half 
a million o f lives have been affected all over the world in the last five decades. 
Coastal zones as have been described by Sano et al, (2009) are the most complex, 
highly dynamic ecosystem and fragile environment interface on Earth. At the
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boundary between land and sea, coastal zones are densely populated, characterised as 
highly diverse ecosystems and are o f great ecological and socio-economic importance 
(Martens, 2000; IPCC, 2001).
In addition, these areas sustain economic activities that in many places have led to 
high population growth rates and economic development. (Nicholls & 
Hoozemans, 1996). Throughout history, humanity has preferred to inhabit coastal 
zones over other regions; such coastal populations are growing and are expected to 
grow more rapidly than the global average as a result o f net coastward migration and 
urbanisation (Purvis et al, 2008).
In summary, climate change are expected to affect coastal communities worldwide, 
however, many countries are already considered vulnerable to ongoing climate 
variability (Dolan& Walker,2004). Accelerated sea level rise has received much 
attention and according to the scientific researches it may entail elevated tidal 
inundation, increased flood frequency, accelerated erosion, increased saltwater 
intrusion, and a suit of ecological changes (IPCC,2007). Consequently, such changes 
are expected and without doubt will cause various socio-economic impacts including 
loss of land infrastructure and coastal resources as well as declines in associated 
economic, ecological cultural and subsistence values (Dolan& Walker,2004).
Although, coastal zone impacts assessment work has been driven largely by IPCC, 
yet, the decision-makers and scientists have to be prepared for future change along 
the coastal areas, to develop realistic policy strategies for reducing the impacts of 
climate change, identifying the link between changing natural and socio-economic 
conditions, establish proper hazard response and adaptation strategies in order to be 
well prepared for future consequences, such long-term responses and strategies which 
should be integrated with existing short-term plans in order to create an effective and 
efficiency integrated coastal zone management programme (IPCC, 2001;Monirul, 
2003).
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Arguably, in Oman climate change has become a dominant issue and is of crucial 
significance because changes in the country’s environment and population may have 
an impact on its coastal zone. There is currently no policy related to CZM and climate 
change within Oman coastal planning. Therefore, it is important for Oman, to 
understand the biophysical and socio-economic effects of climate change, 
vulnerability to present-day and future climate extremes such as cyclones to provide a 
useful insight about the adaptive capacity o f a country.
According to the available literature as will been seen in the following chapter, there 
are two main impacts that climate change is likely to have on Oman’s coastal zone, 
namely sea level rise and storms and associated surges, which affect coastal zones via 
flooding and wind damage). The following sections provide a brief review of the 
literature linking climate change with its impacts in the coastal zone of Oman.
2.2: Climate Change in Oman:
The coastal zone o f Oman is very important and highly dynamic area that differs in 
terms o f its social, ecological and geographical setting from rest of the country. 
People have always preferred the coastal area, which extends for 3165 Km, because 
of its unique resources (MRME&WR, 2003). People were and still attracted by the 
fertile land in the coastal plains and abundant marine resources. Coastal zones are 
described as focal points in many national economies, where a large number o f socio­
economic activities take place (MRME&WR, 2003).
The population of Oman has grown from 2.018 million in the 1993 census to 2.340 
million in the 2003 census and recently in 2010 Census it has been estimated by 
2.694million. 65% of the population lives along the coastline (50% lives in Muscat 
and the Batinah coastal plain) (CENSUS, 2010). In addition 80% of the most critical 
sectors for the socio-economic development of Oman (including: industry, 
agriculture, fisheries, transportation and tourism) located along the coastal area, 
especially in Muscat and Al-Batinah region (CENSUS, 2010).
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As a result o f increasing populations and the expansion of the urbanized area, tourism 
and industrialization along most of coastal areas have significantly contributed to 
increasing pollution and stress on the country’s coastal resources (MRME&WR, 
2003). For these reasons, Oman is a good example of a coastal region where human 
stresses are already significant and continue to grow (MRMEWR, 2003).
Consistent with global trends, climate change is very important to Oman, particularly, 
after it experienced very severe cyclones in period of three years Gonu and Phet in 
2007 and 2010 respectively ( Charabi & Al-Hatrushi ,2010). Despite that, a very 
limited number of studies are available that investigate the integrated impacts of 
climate change on the Arab coastal areas in general, and in particular on Oman. This 
is regardless of the fact that the region is considered among the world’s most 
vulnerable regions to the adverse impacts of climate change, specifically, the impact 
of sea level rise, droughts, heat waves, flash floods, storm surges and dust storms (El- 
Raey, 2009; IPCC, 2007).
However, recently, a study conducted by the World Bank on developing countries has 
stressed the vulnerability of the Arab region and estimated potential percentage 
impacts of sea level rise on the countries of the region (El-Raey, 2009). In addition, a 
number o f scattered studies exist that are responsible for the region-wide trend 
analysis o f the Middle East extreme indices and climate integrated impact assessment.
Many of the assessments have shown that climate change is often not the most crucial 
issue for a coastal region. This is particularly true in areas where pressures from 
population growth and economic development are already creating problems and 
hazards. Nonetheless, as stated before, these current pressures may have adversely 
affected the coastal ecosystem resilience and thereby its ability to cope with additional 
pressures such as climate change and sea level rise.
As far as the studies concerning the climate change impacts in Oman are considered, 
currently in-depth studies investigating the impact of future climate change and the 
rate of these changes on Oman are carrying out, particularly, following cyclone Gonu 
in 2007, a lot of meteorological and climatologically studies were triggered, focusing 
on cyclone track simulations, impact assessment and creation of an inventory of the 
storms and tropical cyclones that affected the coastline o f Oman during the last
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century (Blount et al, 2010, Al-Maskari, 2010; Kwarteng,2010; Al Najar, 2010 and 
Dibajnia, 2010). Nonetheless, it needs to emphasised that government have to focus 
more on the most serious threats facing coastal area, and to have better understanding 
and link between analvsing the tvpe o f climate change impacts and their threats so 
that the policies for reducing such hazards are developed in relation to wider policies 
for coastal zone management planning.
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2.3: Oman Location:
This section is intended to provide a clear picture of Oman. This is achieved through 
describing its location, geography, population, economy and climate. The challenges 
which have been undertaken in each of the phases in Oman are dealt with, both before 
and since the new era, which dates from the 1970 when his Majesty Sultan Qaboos 
came to power, until the present time. This chapter also considers how such 
information is essential for clarifying facts that affect the climate change mitigation 
and adaption in Oman. The chapter concludes with a discussion of the coastal zone 
management development in Oman and its movement from caring about quantity to 
the focusing on the quality and planning and looking to the future.
2.4: Description of geographical characteristics
The Sultanate o f Oman is located in the south-eastern quarter o f the Arabian 
Peninsula, between latitudes 16° 40' and 26° 20' North and longitudes 51° 50' and 59° 
40' east, covers a total area o f 309,000 square Kilometres, and it is the third largest 
country in the Arabian Peninsula (Charabi & Al-Yahyai, 2010 & MRME&WR, 
2003). According to Royal Decree No (114/2011), Oman comprises 11 
Govemorates; Muscat (Captial Area), Dhofar, Musandam, Buraymi, the AL 
Dakhiliyah, the North A1 Batinah, the South AL Batinah, the South A1 Sharqiyah, the 
North AL Sharqiyah, the AL Dhahirah and AL Wusta as illustrated in Map (1) below 
(MOI,2013).
Its coastlines border the Gulf and the Sea of Oman in the North and the Arabian Sea 
in central and southern regions, whilst the land borders the United Arab Emirates, 
Saudi Arabia and Yemen in the north-west, central and southern regions, respectively 
(Map 2).
The coastline extends for about 3,165 km, from the Strait o f Hormuz to the border
with Yemen, including the main islands, which are Masirah Island in central Oman
coast (Sharquiyah Goverante), and the archipelagos of the Damaniyats and of the A1
Hallaniyats, respectively in the Sea of Oman in the north (A1 Batinah Goverananet),
and in A1 Hallaniyah Bay in the south (Dhofar Govemate) (MRMEWR,2003).
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Map 2.2: Location of Oman (Source: Kwarteng etal,2005. P:1429).
The rainfall in the arid and semi-arid zones is highly variable in space, time, quantity 
and duration (Kwarteng et al, 2009). Oman is classified as a hyper-arid (<100 mm 
rainfall), through the arid desert climate (100-250 mm rainfall) and semi-arid (250- 
500 mm rainfall) environments that are experienced in different parts of the country.
The rainfall in Oman depends on the geographical location and is quite variable and 
irregular. The southern part which is swept by the monsoon affecting the Arabian Sea 
during the period from June to September (Charabi,2009).
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However, the monsoon has become an attractive season particularly in the recent 
years, for both internal and international tourism. Consequently, this led to the 
development of a growing tourist sector in the region (Charabi,2009).
Due to its location at the Tropic of Cancer, Oman has a number of microclimates 
across its territory (MECA,2013). These microclimates range from hyper-arid 
conditions (less than 100 mm/year o f rainfall ) in the Empty Quarter and along coasts 
and plains, to arid conditions (100-250 mm/ year of rainfall) in foothills and 
highlands, to semi-arid conditions (250-500 mm/year of rainfall) along the slops and 
summits of Hajar Mountains in the Northern Part o f Oman.
2.5 Description of meteorological characteristics
The climatic condition of Oman varies greatly due to its large altitudinal extent and 
complex topographic regions. However, two distinct seasons occur: winter, from 
November to April, and summer, from May to October and the temperature is 
affected by major air masses that occur in the Arabian Peninsula (MRMEWR,2003; 
MECA,2013).
The summer is extremely hot with average temperature ranging between 32 °C and 48 
°C throughout the northern Oman from May to September, and 26 °C to 36 °C from 
October to April (Kwarteng et al, 2009). The coastal region is characterised by hot 
and humid conditions in the summer with high temperature which may reached up to 
46 °C and humidity can rise to an uncomfortable 90%. In contrary, the average 
temperature in winter along the coastal regions is quite mild between 15 and 23 °C 
(Kwarteng et al,2009).
Although most precipitation in Oman falls as rain, isolated hailstorms sometimes 
occur, and in the highest mountains such as Jebel Shams and highlands o f Jebel 
Akhdar, snow sometimes occurs above 3,000 m during winter months (MWR-Oman, 
1991).
Wind velocities tend to be moderate throughout the country, typically averaging 
between 2 and 3 m/s (at 2 m above ground level) for lowland areas. These wind
27
velocities do not vary greatly during the year, except as a result of occasional 
cyclones, mostly originated in the Indian Ocean entering the Arabian Sea quite 
regularly (Figure 1).
Figure 1.2 Tracks followed by cyclones across the Arabian 
Sea (MRME&WR-Oman, 2003).
Average sea surface temperature in the Arabian Sea is warm enough throughout the 
year to support the development of tropical cyclones (Evan et al. 2011; Fritz et al, 
2009), however, the very strong vertical winds shear develops across the Arabian Sea 
during the monsoon, considered as the main factor prohibiting tropical cyclones 
development during July and August (Evan et al. 2011). Despite this fact, Oman 
Coast is subjected to tropical cyclones that influence on an infrequent basis, (Dibajnia 
et al, 2010). During the last 112 years, a total of 10 tropical cyclones and 18 tropical 
storms had recorded to affect Oman Coasts (Dibajnia et al, 2010).
Generally, the tropical cyclones occur most frequently for two seasons in this area 
namely pre monsoon (May) and post monsoon (October to November) (Evan et al. 
2011). On the other hand, some cyclones also recorded to occur between June and 
September (Fritz et al, 2009), which considered as the most active period due to 
tropical storms and cyclones which makes landfall along Oman Coast particularly 
between May and Mid June (A1 Najar & Salvekar, 2009).
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The average rainfall in Oman varies from <50 mm in central Oman to >300 mm in the 
Northern Mountains, and total rainfall varies widely from year to year, due to the 
classified of Oman as hyper arid < 100 mm rainfall (Kwarteng et al,2009). 
Nevertheless, Oman is generally arid to extremely arid in some regions. In winter, the 
weather in the Arabian Peninsula is influenced by extra-tropical circulation systems, 
which bring rainfall to eastern parts of Oman, especially Jebel Akhdar mountains. 
During summer, tropical systems originating over the Arabian Sea yield significant 
k h a ree f  rainfall in some areas, especially the extreme south o f Dhofar. According to 
(MWR-Oman, 1991; Charabi, 2009) overall, four principal mechanisms are 
responsible for most of the rainfall in Oman which is briefiy described below:
1. Cold frontal troughs, associated with eastward-moving extra 
tropical depressions, many o f which are originated over the North 
Atlantic Ocean or Mediterranean Sea. These troughs are most 
common in the Oman region during winter and early spring. 
Typically, they bring extensive middle-level cloud ahead of the 
troughs and may bring quite steady rain to the northern parts of the 
country. They may even cause areas of patchy rain in central and 
southern Oman where cooler air behind the troughs undercuts 
warmer air advected northeast wards from eastern Africa. Rain- 
producing disturbances may sometimes form in this region of 
convergence (the Oman Convergence Zone), and move north­
eastwards towards southern Iran.
On the other hand, advection of a deep layer o f cold air south-eastwards 
from central Asia to Oman across the Arabian Gulf can cause particularly 
heavy rain. The layer evaporates considerable moisture and becomes very 
unstable. Such conditions appear to occur about three times on average 
each year. Frontal systems are absent during summer because the upper 
troposphere circumpolar westerly flow, with its embedded subtropical je t 
stream, has by then been replaced by tropical easterlies on the southern 
flank on the south Asian Monsoon anticyclone or ridge.
2. Tropical cyclones, moving in from the Arabian Sea, which are 
originated over the Arabian Sea or more rarely India or even the
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Bay of Bengal. Tropical cyclones are relatively rare visitors to 
Oman, but can bring heavy rainfall to the southern and eastern 
coasts. Tropical cyclones have been observed in all o f the months 
from May to December, occurring on average about once every 
five years in Dhofar, but only once in ten years in Muscat.
3. On-shore south-westerly monsoon winds, which occur during June 
to September, linked to the surface flow over the Arabian Sea. This 
flow is dominated by the strong circulation which feeds the south 
Asian Monsoon circulation. A small off-shoot of this flow mixes 
with another air stream originating over the Gulf of Aden and 
brings extensive stratiform clouds and frequent drizzle to the 
Dhofar coast (and known as khareef). Only a very narrow strip of 
coast between Masirah Island and Aden is usually affected by this 
on-shore monsoon flow.
4. Occasional penetrations of the shallow monsoon winds further 
inland towards the United Arab Emirates can also trigger scattered 
convective showers, particularly over the mountains in the East. As 
a result, in the Salalah area, particularly on the Jebel Dhofar, the 
summer is characterized by high humidity, low potential 
evaporation and semi-persistent fog during June and July, which is 
intercepted by vegetation and other surfaces. The average rainfall 
on Jebel Qamr is as high as 500 mm a year on the summit and 100 
mm nearer the coast. The Najd region, on the lee side o f Jebel A1 
Qamr from the prevailing monsoon direction, receives only 50 mm 
on an average annual basis.
5. Finally, convective rain storms, associated with localized cells of 
strong convection, can develop at any time of the year. 
Development o f these cells, which are up to 100 km, is favoured by 
advection of cooler, moist air at middle levels within cold pools, 
especially those moving within the circumpolar westerlies. Such 
circumstances are most frequent in spring and autumn.
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Alternatively, the movement of a cold front into a convectively 
unstable area may have similar effects. Sea breezes can also trigger 
isolated convective storms. Strong convection is particularly 
favoured when these circulations interact with mountainous areas.
However, in the light of annual évapotranspiration, it varies between regions, being 
on average 3,000 mm/year in the interior, 2,100 mm/year on the Batinah coast, and on 
the Salalah Plain, which is affected by the Southwest Monsoon in summer; it is about 
1,700 mm/year. High summer temperatures and low humidity in coastal regions, such 
as the Batinah and Salalah Plains reduces mean évapotranspiration to less than 10 
mm/day.
On the other hand, the low pressure area that develops over the Tibetan plateau (30° 
N) during heating in spring (May) and the high pressure system over the ocean cause 
winds to flow as the summer Southwest Monsoon (Prell, 1984). This starts up in May 
and runs maximally in the summer from June to September. The winds are from the 
southwest at extremely high velocities (>10 m/s). They blow under pressure gradients 
between the Indian Ocean and the Asian continent and run parallel to Arabian Sea 
coasts. This creates one of the most intense coastal upwellings in the world due to 
Ekman transport of surface water offshore (Currie, 1992). The up welling of nutrient- 
rich subsurface waters, combined with high flux of iron-rich Aeolian dust to a tropical 
ocean receiving intense (saturating) solar radiation results in a sustained, high rate of 
primary productivity exceptional in magnitude among offshore ocean regions. Further 
offshore the strongest tropospheric jet known (Findlater Jet) runs at 1 km altitude with 
the surface expression called the “Somali Jet”:
The winter Northeast Monsoon runs maximally from December to February with 
transition periods in March- May. During the NE Monsoon atmospheric high 
pressures form over most o f Asia, whereas low pressures are found over most o f the 
Indian Ocean (Saager, 1994). The Indian Ocean is protected against the full, cold NE 
winds by mountain ranges (Himalayas, Hindu Kush, Iran) so relatively moderate, cool 
dry air blows over the northern Indian Ocean, leading to cooling and evaporation of 
surface waters. These NE winds, which have modest speeds o f ~ 0-10 m/s, are weaker
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and more variable than the SW Monsoon airflow. Using cores from century-old 
colonies o f massive P o rite s  coral in coastal waters of southern Oman, Tudhope e t al., 
(1996) found, from coral coring /isotope exchange data obtained near Mirbat, Dhofar, 
that there is a strong correlation between coral skeletal ô^^O and SSTs in the NE 
Monsoon probably due to the more uniform oceanographic conditions (but not winds) 
compared to the heterogeneous nature o f Sea Surface Temperatures (SSTs) during the 
SW Monsoon. Further, they showed trends towards increasing  NE Monsoon SST 
through the period 1973-1991 (~ 0.5 °C/decade), perhaps linked to warming by Indian 
Ocean El Nino/Southem Oscillation (ENSO) events.
Occasional tropical storms and cyclones occur mainly along Arabian Sea coasts. Thus 
a severe cyclone crossed Masirah in June 1977 with wind gusts to -6 4  m/s and 431 
mm rainfall in 24 hours. In a review of frequencies and tracks of cyclones over the 
Arabian Sea, Murty and El-Sabh (1984) state that they occured predominantly in the 
pre-monsoon months of April-May and in the post-monsoon months o f September- 
December. Cyclones traverse the Arabian Sea generally in an east-west direction and 
hit the south coast of the Arabian Peninsula. DGCAM (1998) listed 17 cyclones (wind 
Force 12, >34 m/s) that crossed the Omani coast between 1890-1996 and these 
usually hit the coast between Masirah and Salalah.
The south-east coasts of Oman facing the Arabian Sea are subject in summer to the 
Southwest Monsoon (SWM) driven by heating o f the Tibetan Plateau which creates 
low pressure zones in Asia relative to the Indian Ocean. Pressure differences set up 
strong (>10 m/s) low level winds which blow from June to September (maximum 
development in July-August) parallel to the Arabian Sea coast developing, with 
Ekman transport, one of the most intense coastal upwelling regions in the world .
The sea-surface temperature drops and the air mass moving over it cools below its 
dew point, forming bands of fog and low cloud which move inland. Moisture-laden 
air is driven up the slopes of Jebel Qara (mean altitude: 850 m) to condense as mist 
precipitation both on the ground and on vegetation. This adds to, and may exceed, 
precipitation from cyclonic storms so that mean annual rainfall for Qairoon Hariti 
(altitude: 878 m) is 247 mm (Fisher, 1994) but total precipitation in the Dhofar
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Mountains may exceed 500 mm/yr. In contrast, Salalah (altitude: 20 m) on the coastal 
plain receives 110 mm of rainfall annually (Fisher, 1994).
The south-facing jebel-front tends to reflect the north-ward-moving monsoon winds 
upwards and through the gaps in the jebel, giving rise to both orographic rainfall, 
often as drizzle, and occult (condensation) precipitation as fog. According to MWR- 
Oman (1991), records from Salalah and Qairoon Hariti show that the SWM rainfall 
represents 60% of the total amount for Salalah and 75% at Qairoon Hariti. During the 
SWM, on average 4 rain days/month are observed in June and September in both 
areas, (MRMEWR,2003), but in July and August, Salalah has 20 rain days/month and 
Qairoon Hariti has 23 rain days/month. Regarding precipitation, Salalah has on 
average 4-8 mm/month and Qairoon Hariti has 60-80 mm/month, reflecting the 
importance of the SWM to recharge the mountain limestone aquifers, which supply 
both the coastal plain and the interior groundwater, and generates abundant 
vegetation, which supports a dense grazing stock, especially between July and 
October (MRMEWR,2003). This precipitation on the escarpment runs off as the 
seasonal springs and also percolates into ground-waters which feed, via underground 
channels, the headwaters o f the coastal lagoons {khaw rs) which are of high 
conservation value. Large numbers of tourists are attracted to the Dhofar region 
during the khareef, which occurs at the same time as the hottest season elsewhere in 
the Arabian Peninsula (MRMEWR,2003).
2.6: The Importance and Demographic of the coastal zone of Oman:
Throughout history, beaches are considered as an essential features to the heritage of 
Oman (1UCN,1991). Past and current generations have relied on the sea to make their 
living. As a large percentage of Oman’s inhabitants live in coastal areas, at present, 
most of Omani’s live within ten kilometres of the coastline (MRMEWR, 2003). They 
have been established villages on the shore. Various activities, however, such as 
fishing, agriculture, ports, recreation and refiners are the major contribution for such 
establishments. (Dobbin, 1992).
In the recent years the country has developed and its population grown, as a result
there has been pressure to expand along the shore front and towards the beach. These
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coastal developments associated with the construction of many structures ever close 
to active beach zone (Dobbin, 1992; lUCN, 1990). According to MECA 2013, Oman 
is classified as a fast growing country in terms o f its population, economic progress 
and education; this clearly can be seen when comparing the population over the year 
2003-2010 when the population increased about 2.5%.
Furthermore, many activities such as fishing, recreation, and industrial; and recently 
tourism developments utilize large portion of the shores throughout Oman due to the 
existence o f coral reefs and mangroves along the coastlines as well as habitat of 
hundreds and thousands of various marine species (Dobbin, 1992). In general, main 
urban and industrial areas are developed along the coastal areas in Oman, as a result 
there are growing and sometimes competing interest for the use of such areas 
(MRMEWR,2003).
As has been pointed out previously, at the national level, more than half of the Omani 
population currently lives in coastal areas. The 2010 census has shown that 
approximately 80.3% of the populations are occupied coastal regions (census, 2010). 
Both Muscat and A1 Batinah Govemorates are densely populated areas in Oman 
where about 1, 496, 674 (56 %) of the total population spread through the coastline of 
these regions (Census, 2010). Additionally, they are both the most important 
industrial and tourism areas. Not surprisingly the increase in coastal population has 
resulted in an increase in population density, infrastructure and property values that 
also contribute to the vulnerability to climate change impacts.
In spite of the fact, cities are unique and dynamic entities with large and increasing 
populations, complex governance and policy structures and include a wide range of 
stakeholder interests. As in the case o f Muscat and A1 Batinah, population and 
economic activities are centered in the urban areas, which tend to be located in coastal 
zones that are prone to coastal or inland flooding during rainfall events or storm 
surges from tropical cyclones. Therefore, the urban development of such 
Govemorates has occur in the intervening flat coastal plains and valleys along the 
coastline which expose the city to heavy rain and cyclones that hit the coastline from 
the Sea of Oman (MECA,2013). This underlying vulnerability plays a major role in 
the risk processes that lead to the emphasis o f particular climate change risks
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including storm surge and rain related flooding as experienced in 2007 during cyclone 
Gonu (MECA,2013).
About 56% of the cultivated area o f Oman is located in coastal areas. The most 
intensely farmed areas are located along a 320 Km stretch of A1 Batinah coast with 
over 50% of Oman total annual agriculture production, followed with 100 Km long 
stretch in Salalah (Dhofar) coastal plain. However, these coastal areas encompass 
about 380 squares Km and over 90% of which is located in AL Batinah Govemorate.
The fisheries sectors also represent an important element of Oman's economy and 
culture. A total o f 991 fish species have been identified in Oman's national water, 50 
species are considered o f key importance to the traditional and commercial fishing 
sectors. However, fisheries are a significant national income resource in Oman after 
oil production (MECA,2013).
2.7 Population:
According to the Ministry of National Economy census 2010, Oman has a population 
of about 2,694,094 compared to the 2003 census with a total population of 
(2,341,391). (Census,2010).
Table (1) and figure (2) below show population density percentage distribution of 
Oman’s population per region.
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Figure 2.2 Total population of Oman in 2010.
From table (1.2) and figure (2.2) AL-Batinah ,Muscat , AL Sharqiyah Govemorates in 
addition to Dofar, are the most densely areas with population and urban development's and 
this means they need more attention when planning coastal zone management strategy to 
climate change impacts, particularly as far as their geographical location taken into 
consideration facing the Arabian Sea and Sea of Oman so the most susceptible coastal areas 
to cyclones and storms hazards.
2.8: Coastal and Marine Biodiversity in Oman
Due to its abundant natural coastal and marine resources which in some parts are considered 
unique, Oman's marine environment is one of the most diverse and complex ecosystems 
(MRMEWR, 2003). Its coastal areas are home to a rich and unique biodiversity such as 
(MECA, 2013):
1- Coastal lagoons (Khwars): which contain fish breeding and nursery sites which 
support dense mass of coastal plants, crabs and a wide variety of mullet fish.
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2- Mangrove Sites: Only one natural mangrove species A vicenn ia  M arina  is endemic to 
Oman's harsh climatic conditions, and is found sporadically along coastal areas and 
covers a total area o f 1,100 ha. The forests still exists in Northern A1 Batinah, Muscat, 
Eastern A1 Sharqiyah, Mahawt Island in A1 Wusta and some Khawrs in Dhofar.
3- Salt flats: locally known as sabkhas and found mainly in sandy soils of the north and 
dominated by number of vegetations.
4- Streams: locally known as wadis, are seasonal water flow and one o f the most 
common and important landscape elements in draining rainwater from wide 
catchment areas and high mountains.
Moreover, Oman's rich marine and coastal biodiversity includes numerous types o f fishes, 
21 subspecies of whales and dolphins, 130 types of coral reefs, five species o f turtles and 
thousands species of endemic and migratory birds. The country also has proclaimed 16 
nature reserves until 2011, 12 of these reserves are considered as marine natural reserves. 
The Dimaniyat Island is the most important marine nature reserves in A1 Batinah with a 
total area o f 203 square Km of sea and seabed and include nine islands (MECA,2013).
2.9: Coastal Zones Management Program in Sultanate of Oman
This section will provide an insight into some efforts that have been achieved to conserve and 
manage coastal areas in Oman since the carrying out o f coastal zone management planning in 
1984 and the challenge facing the government in engaging climate change issues into coastal 
planning and indicates why there is a need to include climate hazard issues into the coastal 
management planning.
As mentioned above the coastal areas of Oman support unique and especially fragile 
ecosystems and are areas of great environmental and aesthetic value. Such beautiful resources 
contribute to the economic, social and cultural well being of the country (lUCN, 1986). In 
addition, the coastal zones o f Oman are complex, dynamic, and vulnerable, heavily used and 
under great pressure from various development activities both offshore and onshore. Some of 
such developments have inevitably brought many pressures to bear on the near shore lands and 
seas. Their development involves many different authorities and overlapping interests and
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jurisdiction. This creates the need for integrated actions by all concerned parties to safeguard 
the coastal zone and its resources (lUCN, 1992).
In order to protect its marine environment and to help integrate social and economic 
development with conservation of the natural resources of the coastal areas, Oman represented 
by the Ministry of Commerce and Industry has signed in Jan 1984, a convention with the 
International Union for Conservation the Nature (lUCN) to conduct an environmental survey 
for Omani coasts, coastal waters and Islands between the Yemeni boarders and Hurmuz Strait 
and Arab Gulf (lUCN, 1992).
The purpose of this survey was to locate and draw maps of different activities distribution and 
marine and coastal resources to identify management problems and prepare management plans 
for coastal zones in order to overcome these problems. The overall goal of the survey was to 
preserve the natural richness, diversity and quality of Oman’s coastal areas in order to provide 
social, scientific and cultural benefits for present and future generations o f Omanis (Dobbin, 
Salm 1989).
Surveys were carried out between the year of 1986-1992 to produce a plan for the management 
o f the coastal area for the under listed coastal areas as shown below:
1- Govemorate of Musandam.
2- Coasts between Ra’s Al-Sawadi and Quriat.
3- Coasts between Quriat and Ra’s A1 Hadd.
4- Govemorate of Dhofar.
Also general reports were prepared on the areas between Ra’s A1 Hadd and Dhofar, A1-Batinah 
and north o f Ra’s Al-Sawadi. (lUCN, 1992)
After completion of the individual plans a frame work of a national program was prepared to 
manage coastal areas and the Ministry of Environment (previously) Ministry of Environment 
and Climate Affairs (now) are to supervise its decisions and recommendations in cooperation 
with other concemed governmental bodies (IUCN,1992).
4 0
Generally, the coastal zone management plan is recognised as the most effective tool for 
incorporating conservation and sustainable use of both coastal and marine biodiversity aspects 
into planning of coastal areas ( Pickaver et al,2004).
2.9.1: Purpose of the coastal zone management plan:
The main goal of preparing the CZMP in Oman was to safeguard valuable resources and 
restore the damaged areas are along the coastal areas. Thus, in order to achieve these goals 
the CZMP included the following objectives (lUCN, 1992):
1) To establish a comprehensive, practical policy to guide development in the coastal 
zone o f Oman.
2) To promulgate comprehensive binding legislation for the effective control of 
developments and activities in the coastal zone of the sultanate.
3) To safeguard natural and cultural heritage and resources by intensive management o f 
valuable sites through a system of conservation areas.
4) To provide, safeguard and restore scenic areas and open space in the coastal zone for 
enjoyment by present and future generations of citizens and visitors.
5) To establish unequivocal procedures, authority and accountability for the coordination 
o f all planning, development, resources management activities in the coastal zone and 
for implementation o f coastal zone management plan.
6) To improve monitoring, field studies, and enforcement activities in the coastal zone.
7) To acknowledge the sensitivity o f mangrove, coral reefs, sand dunes, beaches, khawr 
environment and bays to afford them special attention in future development planning 
and to safeguard the ecological roles and social and economic values of the these 
special environment.
8) To review, update and implement coastal zone management plans, to complete these 
for all sectors of the coast, and to plan for other contingencies as and where 
appropriate, such as sea level rise, major oil spills in sensitive areas, tropical storm 
waves and flooding, and restoration of degraded environments.
41
9) To ensure that valuable resources and existing and potential uses of the coast are not 
destroyed by poorly planned development, pollution or existing activities.
However, Coastal Zone Management Plan issues fall into two main classes at the national 
level:
A) Those relating to the policy, legal and administrative structure for effective 
management and problem resolution.
B) Those relating to specific resources management actions (lUCN, 1992).
Furthermore, many governmental authorities have been involved in implementing the coastal 
zone management plan in Oman with different responsibilities o f each.
Despite the fact that, Oman has developed a coastal zone management plans since 1984 (e.g. 
natural resources management plans which encompass the various sectors impacting the 
coastal zones), yet, until recently it is argued that the climate change issues and consequences 
are not included in such management, therefore, many efforts should be a top priority for the 
governmental authorities charged with land use planning and natural resource management. 
Many of the studies conducted on Coastal Zone and Climate change in Oman have been 
primarily only focused on meteorological issues, greatly after the occurrence of Cyclone 
Gonu in 2007.
According to Mushtaque (2012), Oman is vulnerable to the potential impacts of climate 
change, the most significant o f which are sea level rise, less and more erratic precipitation, 
increased average temperature and desertification. Consequently, integrating climate change 
mitigation and adaptation in development strategies and policies is a must for Oman which is 
at the early stage of economic and industrial developments.
In addition, it is not clear from existing data that any organized research effort is ongoing in 
Oman to tackle various climate change related impacts. Although, there are number of 
projects undertaken may look impressive, yet, none of these projects were taken up as a direct 
response to climate change concerns. In general, a small and scattered number of researches 
have been published in the field of climate change and still there are many gaps need to be 
filled in the future especially concerning the vulnerability o f coastal areas to climatic change 
impacts.
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As mentioned early, the coastal zone management planning according to IPCC (2007) is 
considered as an essential tool that should include assessments of the potential impacts of 
climate changes. These plans should also provide a framework to balance resource allocation 
decisions and the most significant aspects for such planning is the institutionalization of 
mechanisms for shared management responsibility between government and communities 
which will foster stakeholder participation in the decision making processes.
In this regard, a large number of developments are either already being built or are in the 
planning stages along the coastline of Oman. These developments are potentially at risk from 
coastal inundation and require careful planning to ensure they are not highly vulnerable to 
future impacts. For that reason, immediate actions should be taken in Oman to strength 
coping and adaptation capacity and to reduce the vulnerability o f sensitive areas and 
ecosystems to climate changes. A number o f adaptation options also have to be identified 
under national developments. Working collaborative between the government ministries 
require strategic planning to ensure that suitable areas are planned for developments and that 
climate resilience is considered within the design of new developments. The ICZM plan 
should include an assessment of and responses to climate change impacts.
2.10 Conclusion:
Coastal areas are some of the most ecologically productive and economically important 
ecosystems, supporting a variety of natural resources, including diverse species, and habitat 
types, as well as recreation and tourism opportunities, and industrial developments. As a 
result o f these opportunities, coastal areas are highly developed worldwide.
The phenomenon of climate change has numerous effects on coastal areas; such impacts will 
affect the human, biodiversity and socio-economic activities on those areas. Due to the 
important ecosystem, economic and cultural services coastal areas provide, it is essential to 
incorporate climate change impacts into management strategies and formal planning of 
coastal areas, particularly considering the important ecosystem, economic and cultural 
services they provide. Therefore, it has been argued that ICZM planning is essential 
mechanism that can deal will all competing pressures on coasts and managing short and long 
term coastal climate change impacts.
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The coastal areas o f Oman is considered as an important for economical and cultural o f the 
country and highly populated where about 56% of the total population occupied the most 
important coastal areas. However, although the government had been given a great attention 
to conserve the coastal areas since mid 80's, however, until recently there is no integration of 
current CZMP with relative CC issues.
It is clear from this chapter that there are several issues that affect coastal areas and call for 
change and for important attention for integrating CZMP with CC impacts to protect the 
highly populated and vulnerable areas from climate change consequences. Before discussing 
the possibilities for managing change, the next chapter explores the impacts of climate 
change on coastal areas in general and in particular on Oman's coast, its impacts, 
vulnerability, adaptation and existing issues regarding its projections modeling and 
scenarios.
This research aspires to answers a set of questions to investigate the current framework of 
Coastal Zone Management planning in dealing with climate change in Oman in terms of 
potential impacts of climate change in the short and long term, focusing on an assessment of 
coastal vulnerability, resilience and adaptation. The main aim therefore, is to determine how 
coastal systems and communities would and could respond and adapt to climate change and 
particular in how these responses may be assessed as a part o f Coastal Zone Management 
planning at the same time how CZM planning will increase the need for a more sophisticated 
and detailed assessment of the implications o f climate change.
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Chapter 3
The Literature Review
3.0 General Overview:
This chapter reviews the researches that have been conducted to date on the climate change 
impacts and the role of coastal zone management planning in tackling such consequences. It is 
draws on relevant insights and highlights scientific understanding of and response to current and 
future climate change worldwide. Finally this chapter provides details of current and future 
climate change response in Oman.
Climate change has emerged over the past two decades as one of the major environmental issues 
at both global and regional levels for the coming years (Hansen H, 2008 & 2011). Although, the 
Third Assessment Report (TAR) of the Intergovernmental Panel on Climate Change (IPCC) has 
already reported the widespread and consequential impacts of climate change on natural and 
human system on all continents and across the oceans (IPCC,2014). With the release o f the Fourth 
Assessment Report (4AR) stronger evidence came to light based on more numerous and improved 
observations and analysis for substantial and wide ranging climate change impacts (fPCC,2014: 
IPCC, 2007: Poloczanska et al, 2007).
The 4 AR gives detailed projections for the 21^ century and these show that global warming will 
continue and accelerate. Even if  countries reduce their greenhouse gas emissions, the Earth will 
continue to warm and the best estimates indicate that the Earth could warm by 3 ^C by 2100 
(IPCC, 2007). Current estimates indicate that the threshold is greater than about 1 ^C (low 
confidence) but less than about 4 ^C (medium confidence) global warming (IPCC, 2014). 
However, the IPCC in its Fifth Assessment Report indicated that over the period 1880-2012 the 
globally average combined land and ocean surface temperature as calculated by a liner trend show 
a warming of 0.85 (0.65 to 1.06°C ) (IPCC,2014).
Moreover, IPCC in its Fifth Assessment Report 2013, report that the rate o f Sea Level Rise since 
the mid-19^  ^ century has been larger than the mean rate during the previous millennia. Global 
mean sea level rose by 0.19 (0.17-0.21 m) over the period 1901-2010 (IPCC, 2014).
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Amongst the strongest evidence is the average rises of global temperature which has been 
recorded to by 0.2-0.6 °C during the 20* century (IPCC, 2001). Scientists have argued that, this 
warming is expected to have been greater than any other century in the last millennium 
(Poloczanska et al, 2007). As a result, IPCC (2007) draws the world attention to the warming of 
climate system as an unequivocal fact.
Given scientific evidence, climate change and variation impacts every sector and environment, 
including coastal areas that are considered key climate change hot spots worldwide (IPCC, 2007). 
The major expected impacts are associated with permanent inundation of low-lying areas, 
increased flooding due to extreme weather events such as storm surges, and greater erosion rates 
affecting beaches and cliffs (Klein.,2003).
Whilst estimates may vary, about 40-60 % of the global population lives within coastal zone, an 
area that accounts for approximately 10-29% of the world's land mass (Martinez et al., 2007). The 
IPCC estimated that by 2080 the global coastal population will have risen from its 1990 level of
1.2 billion to a range of 1.8-5.2 billion (Bray., 2007; Hunt & Watkiss 2011; Nicholls,2004). In 
addition, Douglas (2012) pointed out that approximately 8% of urban areas and 13.5 % o f the 
global urban population are estimated to reside in the coastal zone.
However, these populations are exposed to specific natural hazards in addition to hazards 
associated with climatic factors (IPCC, 2007). Bray 2007 similarly claims that in the present day 
about 10 million people every year experience coastal flooding disasters due to storm surge and 
landfall typhoon. Additionally, 50 million could be at risk by 2080 as a result o f climate change 
and increasing population densities in those areas.
Many studies have been carried out and continue to explore such impacts on the environment 
(IPCC, 2001). Nonetheless, most of the studies in the past have been largely restricted to Europe, 
Australia and North America due to data availability. Whereas the trends in temperature and 
precipitation in the Arabian Peninsula is less well known due to poor data availability, quality and 
consistency (A1 Sarmi, 2010). In addition the topography of areas dominated by deserts means that 
there are few sites with instrument data (Kwarteng et al, 2009).
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In spite of this, the first region- wide trend analysis of the Middle East extreme indices between 
1950-2003 covering 15 countries has been reported by Zhang et al (2005)& (Al-Sarmi,2010). The 
study pointed out the significance increase in the regions temperature.
The review includes the literature relevant to general references o f causes and impacts of climate 
change on coastal areas and then will discusses in detail the climate change and variations which 
have occurred relatively recently ( within the past 40 years) in Oman. Details o f the history of 
natural climate change over the past 100 years are not included here.
The literature review is divided into two sections. References o f general information on climate 
change, its causes, impacts and future projections are listed in the first section. The following 
section includes references relevant to discuss the factors o f climate change on Oman coastal 
areas.
3.1 Introduction:
Climate change is one o f the most important global environmental challenges facing humanity 
(Ravindranth et al, 2003). According to Frederic & Emilliano ( 2001) climate change is widely 
agreed as a series threat to the world’s environment and for several years global warming and 
climate change have prompted considerable discussion it is considered as a real and urgent 
challenge that is already affecting people and the environment worldwide (Alnaser & Merzaa, 
2003).
Climate change is a transformation in the statistical properties o f weather in time and space that 
range from decades to millions of years, from a specific region or the whole of Earth, typically it 
is discussed in global terms, it is a term which refers to major changes in temperature, rainfall, 
snow and wind patterns lasting for decades or longer (EPA, 2010 & IPCC, 2007). According to 
IPCC fourth assessment report (2007), climate change defines as" a change in the state of the 
clim ate  that can be identified (e.g., by using statistical tests) by changes in the mean and/or the 
variability of its properties, and that persists for an extended period, typically decades or longer".
Furthermore the IPCC Fourth Assessment Report concluded that climate change occurs as a
results of two sources a natural internal processes or external forcing in addition to persistent
anthropogenic changes in the composition of the atmosphere or in land use" (IPCC, 2007:667)
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On other hand, some external influences occur naturally and contribute to the total natural 
variability of the climate system such influences include changes in solar radiation, volcanic 
activity and the circulation of the ocean and atmosphere (EPA, 2010). Whereas the external 
changes occur as a result o f human activity which include the change in composition of the 
atmosphere such as burning fossil fuels, developing land for farms, cities and road in addition 
to cutting down forests. These activities have released greenhouse gases into the atmosphere 
(IPCC, 2007).
Moreover, the United Nations Framework Convention on Climate Change (UNFCCC), in its 
Article 1, defines climate change as: ‘a change of climate which is attributed directly or 
indirectly to human activity that alters the composition of the global atmosphere and which is 
in addition to natural climate variability observed over comparable time periods’ It is also 
termed as " global warming attributes to anthropogenic cause. (IPCC, 2007:78).
Therefore, the UNFCCC makes a distinction between climate change attributable to human 
activities altering the atmospheric composition, and climate variability attributable to natural 
causes (IPCC, 2007).
However, in the light of the considerable scientific debate, climate change in the 21^ century, 
considered as an important concern so far, quantification of the parameters o f climate change such 
as sea level rise, seawater and surface temperatures strongly suggests that global warming has 
been taking place at a much higher rate over the last century and especially in the last few decades 
(Marabini, 2007; Nicholls et al, 2004; IPCC, 2007).
Scientists also argued that, although the Earth's climate has changed many times throughout 
history (Groot, 1999) the rapid warming seen today cannot be explained by natural processes 
alone. Detailed comparison of climate model results with observation suggest that anthropogenic 
changes, particularly greenhouse gas increases, are probably responsible for this climate change 
(IPCC, 2001; Crowley,2000).
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In general, there is now a clear evidence which shows significant changes occurring on Earth, 
including increasing air and ocean temperature, widespread melting of snow and ice, and rising 
sea level worldwide (EPA,2010; Jamet&Morlot,2009).
According to the Emission Scenarios which were developed in the Third Assessment Report of 
IPCC, over the last 100 years the global mean annual temperature of the earth has been increased 
by 0.6 °C (IPCC 2001). Such global warming trend is expected to continue, increasing at dramatic 
rates. In addition the IPCC (2001) Greenhouse gas (GHG) emission scenario has estimated that 
there will be a 1.4 to 5.8 °C increase in globally averaged surface temperature between 1990 and 
2100 Figure 1. Hypothetically, the IPCC noted that the amount of warming exceeds that of the 20 
century by two to ten times and this rate of wanning is faster than any rate within the last 10,000 
years (IPCC, 2001).
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Figure 1.3: Carbon Dioxide (C 02) increases concentrations and linked increase in 
global Temperature for 1850-2009 (Source: www.epa.gov/climatechange. 2010).
Additionally, the IPCC 2001 carbon dioxide emissions and the IPCC projections have noted the 
expected rise of sea level to be from 20 to 88 cm by 2100 (Alnaser and Merzaa,2003). Over the
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past 100 years the global sea level has risen some 10-25 cm (Alnaser and Merzaa, 2003 & IPCC, 
2001). A recent report by the world climate news 2000 states that two islands in the south pacific 
have already disappeared beneath the sea and other islands in Kiribati and Tuvalu are now also at 
risk.
Scientists have been debating that C 02 and, to a lesser extent other (GHGs), are responsible for 
the global warming and changes in the climate. However, some geologists, geophysicists and 
astronomers have argued that present climate change is a natural phenomenon that could be 
related to factors other than GHG’s one main factor is the sunspot cycle (IPCC, 2001). It was 
reported that the observed variation of 3-4 % of the global could cover during the recent solar 
cycle is strongly correlated to cosmic ray flux, which in turn is inversely correlated to solar 
activity, such effect is found to be larger at higher latitudes (Alnaser and Merzaa,2003).
Nevertheless, since the publication of the Third Assessment Report of IPCC the evidence o f 
external influences on the climate system has continued to accumulate. Such available evidence 
now is substantially stronger and is based on analyses of widespread temperature increase 
throughout the climate system and change in other climate variables (IPCC, 2007).
Although some amount of greenhouse gases is necessary for life to exist on Earth, the human 
activities have increased the amount of the greenhouse gases; add more of these gases to the 
atmosphere which result in a shift in the Earth's equilibrium and identified as a potentially 
damaging outcome in the atmosphere (Houghton, 2004).
3.2 Causes of Global Climate Change:
As has mentioned previously, over the past three decades many changes have already been 
observed in global climate. According to Ruddiman (2001), the earth's history shows that in the 
past earth climate changed due to natural reasons, such as Milankovitch effects, plate tectonics and 
rise of mountain chains. However, the nature and cause o f these changes have been 
comprehensively chronicled (Hengeveld, 2006; Misra, 2013).
Theoretically, many scientists believed based on a strongest evidence that the Earth’s climate is
changing and heating up, yet, there are considerable difference among the views with regards to
the rate of change, the impact on our environment and what can and should done about it
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(NSTA,2007). In order to find ways to mitigate these climate changes, the primary causes of such 
changes must be examined.
According to IPCC (2001) this phenomenon is linked to both natural and human causes. The most 
two important natural factors influence climate change can be linked to the sun and volcanic 
eruption. During the period of the past three decades, the sun's energy output according to the 
satellite measurements since 1979 has followed its historical 11 year cycle of small ups and 
downs, however, no net increase have been observed with such cycle. In contrary, over the past 30 
years, the two major volcanic eruptions have resulted in short term cooling effects on climate 
which lasted for 2 to 3 years. However, these natural influences cannot explain the warming of 
recent decades. Despite the fact, their net effects on climate have most likely been an insignificant 
cooling influence over this period (www.urplwisc.edu).
It was until 1957 that scientists at the Scripps Institute of Oceanography in California proposed 
that carbon emission from human activities might be dangerously changing the climate, although 
the scientists have been studying the effect of 'greenhouse' gases in the atmosphere since the 
Nineteenth Century (Houghton, 2004).
Scientists described a human cause results from the greenhouse gases warming effects in the 
atmosphere; like water vapour, carbon dioxide (C02), methane (CH4) and nitrous oxide (N20); 
which trapping radiated heat emitted at infrared wavelengths as opposed to shorter, solar 
wavelengths which can pass through the atmospheric gases from earth’s surface and reradiating it 
back to the earth’s surface (Frederic & Emilliano, 2001; Staudt&Hultman, 2007).
This trapped energy effectively creates an enclosure around the earth’s atmosphere similar to a 
greenhouse which not only traps heat, but also restricts air circulation that would otherwise cause 
cooling. Without this natural greenhouse effect, the average surface temperature o f the Earth 
would be about 60 colder. However, human activities have been releasing additional heat- 
trapped gases, intensifying the natural greenhouse effect, thereby changing the Earth's climate 
(Huang, 1998) & (www.dowloads.climatescience. gov).
Prior to the fPCC’s report in 2001, there was still significant uncertainty about human beings 
contribution to global warming. Many scientists believed that natural global cooling mechanisms
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worked to offset warming. The IPCC in their second assessment report 1996 (IPCC, 2001:697) 
concluded that," the balance o f evidence suggests that there is a discernible human influence on 
global climate" (IPCC, 2001).
With the release of the IPCC’s third assessment report in 2001, the evidence has been shown that 
the concentration of C02 has increased over the last 50 years, thus, has been the principle factor 
causing wanning and was indeed attributed to human primarily due to the burning of fossil fuels 
that emit more carbon dioxide into the atmosphere that it should contain to achieve climate 
equilibrium (5.4 billion metric tons annually). Two additional human causes of global warming 
include deforestation, which adds another 1.6 billion metric tons, and emission of other 
greenhouse gases (methane, CFC’s, ozone, nitrous oxide) that also contribute to the greenhouse 
effects (WWW.umlwisc.edu).
Six years later, Bernstein, 1 (2007), provides in depth analysis of the relation between Global GHG 
emissions increase and human activities growth (such as: energy supply, transport and industry), 
since pre-industrial time showing that 70% increase of GHG between 1970 and 2004 Figure 2.
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Figure 2.3: Increase of GHG emissions and human activities growth from 1970-2004.
(Source: Bernstein,L et ai,2007).
The IPCC 4AR (IPCC, 2007) reaches the conclusion that the human-induced wanning of the 
climate change is already widespread; many indicators of climate extremes and variability such as 
(the annual numbers of frost days, wann and cold days, wann and cold nights) shows changes that
52
are consistent with warming. The anthropogenic influence has been detected in some of these 
indices, and there is evidence that anthropogenic forcing may have substantially increased the risk 
o f extremely warm summer conditions regionally. However, anthropogenic warming of the 
climate change can be clearly detected by the observation of change in the surface, troposphere 
and oceans temperatures.
According to IPCC (2007) observation during the past half century the greenhouse gas alone most 
likely have resulted in greater than the observed warming if there had not been an offsetting 
cooling effect from aerosol and other forcing. Theses observation was based on multi-signal 
detection and attribution analyses which quantify the contributions o f both natural and 
anthropogenic forcing.
Greenhouse gas forcing has very likely caused most of the observed global warming over the last 
50 years. This conclusion takes into account observational and forcing uncertainty, and the 
possibility that response to solar forcing could be underestimated by climate models 
(Crowely,2000 ; Zwiers & Kharin,1998).
It is likely that there has been a substantial anthropogenic contribution to surface temperature 
increases in every continent expects Antarctica since the middle of the 20* century, as a result of 
an insufficient observational coverage to make an assessment in the Antarctica (IPCC, 2007). 
Nevertheless, scientists have argued on the natural and human factors which have observed to 
effect the climate changes over the last century. In addition, to these factors, there are, however, 
fluctuations in climate which observed to occur even in the absence o f changes in human 
activities, sun and volcanoes. El Nino phenomenon is one o f the important examples o f such 
fluctuations, which has significant influences on many aspects of regional and global climates 
(Collins,2000).
This view is supported by IPCC (2007) which concluded that it is extremely unlikely the global 
climate change of the past 50 years can be explained without external forcing and very likely it is 
not due to known only known natural causes.
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However, a recent study by Scafetta (2010) argued on that, not all scientists share the IPCC’s 
views on human induced causes o f global climate change, more than 30,000 scientists in America, 
for example, have claimed on IPCC theories. In this trend, they believed that the climate system is 
more complex than what is now known, hence, many mechanisms are should be considered which 
are not yet included in the IPCC climate models, therefore, this issue should be treated with more 
cautions as incorrect environmental policies could also cause extensive damage.
3.2.1: Rising Global Tem perature:
The first report o f the working Group I of IPCC ( 2001 a) suggested based on different future 
scenarios that by 2100 the annual emissions of carbon dioxide could be as much as five times their 
current level, resulting in a global rise of temperature of 1.4 °C to 5.8 °C (IPCC.,2001).
Recently, several comprehensive analysis o f a range of climate change scenarios have found that 
the global temperature is considered the most important indicator of climate change and have 
indicated the figure may be as high as 11 °C globally (Bijlsma, 1997; Stainforth et al., 2005). Data 
from different literature described that since 1861 the global surface temperature o f the Earth has 
increased by about 0.6 °C and by 0.8 °C and 0.5 °C since 1900 and the 70's respectively (IPCC, 
2007; Scafetta, 2010).
Furthermore, the IPCC (2007) reported the most warming temperature which occurred between the 
year of 1910 to 1945 and firom 1976 to 2000. This increase in global temperature has observed to 
occur during a significant atmospheric concentration increase of C02 and other greenhouse gases. 
Therefore, the global surface temperature increase is known to be mainly due to human activity 
(IPCC, 2001; Scafetta, 2010).
Furthermore, Hansen et al, 2006 reported that, globally the 1900s were recorded as the warmest 
decades for past century Figure 3, hence, the present decades may be warmest (Poloczanska et al., 
2007). Nevertheless, such changes have estimated based on measurements from thousands o f 
weather stations, ships, and buoys around the world. The warming trend that is apparent in all o f 
these temperature records is confirmed by other independent observations such as melting o f Arctic 
sea ice, reduction in snow cover, increased melting of the Greenland and Antarctic ice sheets. 
(www.dowloads.climatescienee.gov).
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Figure 3.3: Global combined land and marine temperature changes between 1951- 
1999 (Source: Mattei., 2001. P:10).
With the release o f IPCC Fifth Assessment report, the evidence indicated the average overall 
land and ocean surfaces temperatures warmed roughly by (0.85 °C) from 1880-2012 as 
illustrated in figure 4 below, because oceans tend to warni and cool more slowly than land 
areas, continents have warmed the most (IPCC,2014). Additionally, according to IPCC Fifth 
Assessment Report, the Northern Hemisphere where most of Earth's land mass is located, 
the three decades from 1983 to 2012 were likely the warmest 30 year period of the last 1400 
years (1PCC,2014).
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2012)- Source (IPCC,2013).
The Anthropogenic Global Warming Theory (AGWT), which is currently advocated by 
IPCC, described in the light of considerable scientific studies that more than 90% of global 
warming since 1900 and about 100% of the global warming since the 70's were due to 
human activities (Scafetta, 2010). The IPCC claims can be clearly seen in figure (5) by 
comparing both the anthropogenic and natural forcing with natural forcing only (Scafetta, 
2010). Therefore, the IPCC in the report of Working Group I (2001 a) strongly recommends 
that carbon emissions need to decline to a very small fraction of current emissions in order 
to stabilise climate.
However, based on IPCC emission scenarios and variety of climate models, the rises of 
global temperature predicted to be increased by 2100 is 1.4 to 5.8 °C from 1990 levels. The
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actual wanning in 2100, on the other hand will depends primarily on two factors: first, refer 
to the future level of emissions of heat-trapping gases, second on how sensitive climate is to 
both past and future emissions.
The IPCC (2007) also has explained how the predicted global increases is much greater than 
what was observed in the 20* century and that it is probably greater than any temperature 
rise that occurred over the past 10,000 years. However, IPCC assessment concludes that the 
rapidity of such changes will result in the greatest ecological change in coastal zones (IPCC, 
2001a &2007).
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3.2.2 Precipitation patterns:
Due to the average distribution of precipitation which is governed primarily by atmospheric 
circulation patterns, the availability o f moisture and surfaced terrain effects which are 
influenced by the temperature and the human caused changes in temperature are expected to 
alter precipitation patterns, observations, however, show that such shifts are occurring 
(Kothavala,1997). It has been predictable that increased in precipitation intensity with 
increased greenhouse gases one o f the earliest model results regarding precipitation 
extremes and remains a consistent result with more future detailed models (Meehl et al, 
2000).
However, changes have been observed in the amount, intensity, frequency and type of 
precipitation worldwide. In this context, the observations over the past 100 years have 
shown an increase in precipitation in eastern North America, South America, and northern 
Europe. Decreases have been estimated in the Mediterranean, most of Africa and southern 
Asia (Bhaskharan & Mitchell, 1998).
Changes in the geographical distribution of droughts and flooding have been complex. 
However, these changes worldwide have been observed and are primarily due to human 
influences (Girvetz etal., 2009).
Generally, the changes in precipitation intensity could have a geographical dependence. For 
example, certain regions worldwide such as the USA and Mediterranean are expected to 
become drier. Whereas, more heavy downpours is expected to continue, where the 
precipitation will becoming less frequent and more intense (Hennessy et al, 1998).
On the other hand, Gregory (1997) pointed out that, an analysis o f recent global climate 
model with increased C 02 has shown large increases in frequency o f low summer 
precipitation, the probability of dry soil, and the occurrence of long dry spells.
However, with the release of the IPCC Fifth Assessment Report the observations indicated 
that confidence in precipitation change averaged over global land areas is low prior to 1951 
and medium afterwards because of insufficient data, particularly in the earlier part o f the
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record. There is medium confidence prior to 1951 that the Northern Hemisphere mid­
latitude areas do show a likely overall increase in precipitation and high confidence 
afterwards. Whereas a low confidence has been observed in other latitudes areas (DPCC, 
2013) figure 6 below.
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Figure 6.3: Global changes in precipitation during 1901-2010 (Source: IPCC ,2013).
3.2.3: Sea Level Rise:
One of the most significant and primary effect of global warming in the past decades 
especially due to anthropogenic green house gas emissions, is an increase in global volume 
of the ocean and accelerated global mean sea level rise, which will consequently will speed 
up the permanent inundation and land loss of low lying coastal areas (Church et al, 2001; 
Frihy & El-Sayed, 2012).
In the 2V^ century Sea Level Rise (SLR) due to climate change is a serious global threat 
and major coastal issue; because many of the world's built assets and people are located 
in the coastal zones (IPCC, 2007). Moreover SLR estimated as one of the most studied 
sectors in the light of climate change impact assessment (Fankhauser 1995b, Douglas et 
al, 2012).
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According to Bijlsma et al (1996) the importance of these types of studies is 
highlighted by the fact that population is already concentrated near the coast and coastal 
populations are growing at twice the global level. SLR will affect all components of the 
coasts like beaches, lagoons, estuaries, deltas, coral reefs and mangroves (Nicholls et al 
2007).
Between the years 1880 and 2000 the global average rate of sea level has been estimated to 
be on the order of 1.6 mm/ year (Douglas et al 2012) and between the years 1993 to 2003, 
the global SLR has been estimated to rise at an average rate of 301 mm/year (IPCC 2007). 
However with the release of IPCC Fifth Assessment Report the date indicates that the rate of 
SLR has been larger since the mid-19* century than the previous two millennia. The mean 
rate of global averaged sea level rise between the year 1901-2010 was 1.7 (1.5-1.9) 
mm/year, 2.0 (1.7-2.3) mm/year between 1971- 2010 and 3.2 (2.8-3.6) mm/year over the 
period 1993-2010 (IPCC, 2013).
Many studies have been made to estimate the changes o f sea level rise over long term. For 
instance, based on satellite data available over the past 15 years show sea level raising at a 
rate roughly double the rate observed over the past century (IPCC, 1996; Purvis et al,2008; 
Vellinga&Klein, 1993). It has been argued that global mean sea levels are estimated to have 
risen 10-20 cm during the twentieth century. Therefore, a significant SLR during the last 
century occurred, which has been arguably one stress factor contributing to the many of the 
existing coastal problems (Church et al, 2012).
Arguably, there are two principal ways in which global warming causes sea level to rise. 
First, ocean water expands as it warms, and therefore takes up more space. Warming has 
been observed in each of the world's major ocean basins, and has been directly linked to 
human influences.
Second, warming leads to the melting of glaciers and ice sheets, which raises sea level by 
adding water to the oceans. Glaciers have been retreating worldwide for at least the last 
century, and the rate of retreat has increased in the past decades. Only a few glaciers are 
actually advancing. The total volume of glaciers on Larth is declining sharply. The 
progressive disappearance of glaciers has implications not only for the rise in global sea
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level, but also for water supplies in certain densely populated regions of Asia and South 
America, (www. dowlo ads. climatescience. gov).
Uncertainty, however, remains about how to predict the contributions of the melting 
glaciers processes to sea level rise, as these processes are not well understood. On the 
other hand, recent research has attempt to quantify the potential contribution to sea 
level rise from the accelerated flow of ice sheets to sea, and estimated to exceed those 
o f IPCC which based on higher emissions scenarios to be between 3 to 4 feet by the end 
of this century Bii Isma. 19971 www.dowloads. climatescience. gov).
Ultimately, the latest IPCC Report has predicted that the global sea level will rise by 
about 600 mm by 2100. Consequently, the annual rate o f increase would be 6.45 mm. 
Furthermore, if the ice caps continue to melt, there could be a 1 m rise of the sea level 
by the end o f the twenty first century (IPCC, 2007). Kaiser (2006) also suggests that 
even if greenhouse gas emissions are reduced or stopped in the near future, sea level 
will continue to rise at an accelerated rate due to climatic lags.
3.2.4: Extreme Events:
In addition to above climatic impacts, currently, rare extreme events are becoming more 
common and visible globally. Evidence worldwide is emerging to support the claim that 
climate change may have an effect on the frequency of natural disasters (Bruce, 1999).
As has been mentioned previously, in all oceans and at all latitude an increase in sea surface 
temperature is strongly evident. The scientific evidence pointed out that increased surface 
temperature will intensify cyclone activity and heighten storm surges (Dasgupta et al, 2009; 
Yasuhara et al, 2011). Consequentially, more damaging flood conditions will be created in 
coastal zone and adjoining low-lying areas.
For the last 35 years, scientific researches propose that increase in the frequency and 
intensity of tropical cyclones can be in part attributed to global climate change (Dasgupta et 
al, 2009). Yet, such conclusion, have been challenged by other scientific studies, they
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concluded citing problems with data reliability, regional variability and appropriate 
measurement of sea-surface temperature and other climate variable.
On the other hand, IPCC (2007) asserts a probability greater than 66% that continued sea 
surface warming will significantly lead for more intense but fewer storms overall outside the 
tropics, associated with extreme wind events and higher ocean waves in a number of 
regions. Overall, it has been estimated that stronger more rain producing tropical storms and 
hurricanes are more likely to occur, yet, more research is still require on these issues 
(IPCC,2007).
According to projected models there will be an increase risk o f more intense, more frequent 
and long lasting-heat waves in a warmer future climate. A good example o f this type of 
extreme events is the 2003 European heat wave which expected to become much more 
common (IPCC, 2007).
Other example is the observation of increased summer dryness and winter wetness which 
resulted in a greater risk of droughts and floods globally which is projected to continue.
In conclusion, since the Third Assessment Report of IPCC, there was a clear understanding 
of the human and natural drivers o f warming of the climate system, based upon large 
amounts of new and more comprehensive observations and evidence, more sophisticated 
analysis o f data, improvements in understanding of processes and their simulation in models 
and more extensive exploration of uncertainty ranges (IPCC, 2007). Despite the fact, most 
of the observations and evidences have shown that since the mid 20* century the increase in 
global average temperature is very likely due to the observed increase in anthropogenic 
greenhouse gas concentration (IPCC, 2007).
Regarding observations of climate system, the Fifth Assessment Report considers new 
evidence based on many independent scientific analyses of climate change system, 
theoretical studies of climate processes and simulations using climate models and 
paleoclimate archives. The IPCC Fifth Assessment Report builds upon on the contribution 
of working groups of IPCC AR4 and incorporates subsequent new findings o f research 
(IPCC, 2013).
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Based on IPCC models, different simulations o f future climate scenarios have been 
developed which may result from the increased emissions o f greenhouse gases. However, 
there are various levels of uncertainty for different scenarios of environmental changes, due 
to the results of different models correspond in varying degree (IPCC, 2007). By 
comparison, there is less uncertainty about predicted changes in temperature and sea level 
rise than about predicated changes links to precipitation, winds and storminess.
3.3 Global effects of climate change on Coastal areas and Coastal Zone 
Management Planning:
3.3.1 Global Effects of Climate Change on Coastal System;
Although, over the past century, human activities on the coastal zones have directly 
significant impacts on those areas, however, climate change factors have exacerbated such 
impacts (IPCC, 2007; Yasuhara et al, 2011). In terms of global climate change, there are 
greatest expected direct effects on coastal systems from many climate change factors such as 
temperature change, sea level rise, availability of water and precipitation, wind patterns and 
storminess (Kennedy et al, 2002; Klein & Nicholls, 1998; IPCC, 2007).
Since the publication of second assessment report of IPCC (1996), the third assessment report 
(2001) and the fourth assessment (2007) have already described and studied comprehensively 
the potential impacts of climate change on coastal areas (IPCC,2007).
According to Douglas (2012), the IPCC Working Group 2 concluded that ' due to climate 
change and sea level rise, coastal areas are highly projected to be exposed to increasing risk 
including coastal erosion, in addition, increasing human induced pressure on that areas will 
exacerbated the danger of climate related factors. Hence, in order to improve the capacity to 
monitor and measure the impacts of climate change and develop better infrastructure and 
public systems required for adapting such impacts, it is important to understand the linkage 
between climate change and other environmental concerns along the coastal areas (such as 
pollution and developments) (Ravindranth et al, 2003), as well as, to make reasonable 
prediction about some of their effects (Kennedy et al, 2002).
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The fourth assessment report of IPCC (2007) has documented that, the impacts of climate 
change are already being observed and studied. Additionally, according to IPCC (2007), 75 
studies and 20,000 observations documented of current effects on physical and biological 
systems have been carried out.
As has been mentioned earlier in the chapter, coastal areas are amongst the most densely 
populated areas on earth, where they support important and productive ecosystems that are 
sensitive to climate change impacts (Nicholls &Tol, 2006) additionally; they represent an 
irreplaceable and fragile ecological, economic and social ecosystem. At present, there is 
already strong evidence and arguments on expected impacts o f climate change on coastal 
ecosystems and communities globally (IPCC, 2007; Torresan et al, 2010). The evidence 
clearly can be observed globally by the occurring of different climatic impacts such as 
accelerated sea level rise, increased storminess, changes in water quality and coastal erosion 
(Torresan et al,2010), which are projected to pose increasing threats to coastal populations, 
infrastructure, wetlands beaches and ecosystems.
Furthermore, coastal zones worldwide are under increasing pressure due to their dynamic, 
unpredictable and interdependent set o f subsystems, leading to coastal resources depletion, 
conflicts between use and degradation o f natural biodiversity (Vellinga & Klein, 1993; 
Torresan et al, 2010). However, as far as climate change impacts affecting coastal areas are 
observe, different factors must be taken into considerations which are greatly influenced such 
as regional geographical features, climate and socio-economic conditions (Torresan et al, 
2010).
IPCC has classified coastal areas as "sensitive regions" due to the potential effects o f climate 
change such as storm activity and sea level rise (Fairbank & Jakeways, 2007). Yet, there is a 
great deal of uncertainty as to how the coastal areas will be affected by climate change 
impacts. Whiles the effects of sea level rise is well evidenced and projected to continue, the 
impacts of other climatic variables such as potential impacts of storm frequency and intensity 
is still difficult to plan for (Fairbank & Jakeways, 2007).
Overall, it can claim based on variety o f evidence, global climate change is a complex 
phenomenon that is indeed occurring and has occurred virtually by human activity. The IPCC 
in the third assessment report found out that, climate change will have both positive and 
negative effects but the adverse effects will predominate with greater rates of climate change
64
(IPCC 2001). The IPCC also in their second assessment report concluded that significant 
impacts on the oceans and coastal zones worldwide will be observed due to climate change; 
amongst the impacts is the impact of the sea level rise on coastal residents and on marine 
ecosystems (IPCC, 2001).
However, as the marine ecosystems and oceanic environments are concerned, empirical data 
has suggested that there are changing on such environment as a result o f both natural and 
human variations in global climate (Chen, 2008). Against this argument, any affects of 
climate change on fisheries will compound the existing problems of massive over capacities 
o f usage, in addition to the conflicts between fishing fleets and among competing uses of 
marine ecosystems (Chen, 2008).
The IPCC (2007) described many environmental impacts predicted to occur in coastal areas 
associated with atmospheric warming over the past century including increases in tropical 
cyclone intensity, rises o f global mean sea surface temperature by about 0.6 °C since 1950’s, 
and rise of sea level by 10-25 cm over the past 100 years (Al-Naser & 
Merzaa,2003;IPCC,2007). IPCC asserted that climate change will affect the coast 
disproportionately and current coastal development patterns are increasing vulnerability to 
climate change and placing additional stresses on the sustainable management of the coastal 
zone (IPCC, 2007).
Generally, number of studies have investigated the effects of climate change on coastal 
zones, including the IPCC second assessment report (1996), IPCC Third Assessment Report 
(2001) and IPCC Fourth assessment report (2007), and generally identify the most important 
effects of climate change on coastal areas as:
i. Effects of sea level rise (including effects o f storm surge).
ii.Infiastructure damage from extreme events (wind storms, floods and heat extreme.
iii.Effects on energy use (heating and cooling)
iv.Effects on tourism and cultural heritage.
v.Effects on water quality, availability and resources.
vi.Effects on urban biodiversity; and
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vii.Ancillary effects on air quality and pollution.
Furthermore, there are also a set o f secondary effects that indirectly affect coastal areas, in 
relation for example to agriculture, ecosystems and concentration of economic activities 
(IPCC, 2007). For the economic activity, the potential effects may associate with production 
and services, the costs of raw materials and input to economic production.
The sea level rise would undoubtedly, cause severe impacts for countries and their citizens 
occupying such vulnerable areas. It is considered as one of the most certain consequences of 
human induced climate change through the twenty-first century (Nicholls & Toi, 2006).
The increased sea level has resulted according to IPCC (2001) in the following:
a. Inundation and displacement of some wetlands and lowlands worldwide.
b. Shoreline erosion.
c. Exacerbation of coastal storms and flooding.
d. Increase the salinity of estuaries and threaten freshwater aquifers.
e. Alter tidal ranges in rivers and bays.
f. Alter sediment deposition patterns; and
g. Decrease the amount o f light reaching water bottoms.
In addition, the sea level rise may affects the coastal biodiversity as some small localised 
habitats could be lost or moved faster than the plants or animals which depend on them can 
adjust. Therefore, the sea level increase has become a crucial issue and the problems related 
to erosion are very severe in some areas (IPCC, 2001; Pethick, 2001).
The other effects of climate change on coastal zone have been widely investigated by in the 
Fourth Assessment Report of IPCC (2007), such changes include; precipitation pattern, 
change in storm tracks, frequency and intensity, in addition to higher sea water temperature 
which will affect the coastal environment, both directly and through their interactions with 
global sea level rise. In this trend, as an example the rise of sea surface temperatures are 
likely to cause increased coral bleaching and migration of coastal species toward higher
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latitudes. The risk of flooding and storm damage will increase sharply as a result o f changes 
in precipitation and storm pattern (Travers & Elrick, 2010).
The IPCC (2001) has also addressed the capacity of coastal systems to respond and 
compensate for climate change and sea level rise is reducing due to the increasing 
deterioration of coastal areas by pollution, development and overuse. Therefore, the IPCC 
working group on coastal zones and small islands, assessed on the importance of studying the 
climate change impacts by taking into account the coastal trends and developments (Bijlsma, 
1997).
According to IPCC (2007) climate change and consequent accelerated sea level rise will 
intensify the stress on many coastal areas, over the longer term, particularly where human 
activities have diminished natural and socio-economic adaptive capacities. Therefore, it is 
important for the country’s or region’s to develop vulnerability assessment to climate change 
and sea level rise especially for the coastal zone as this will help to set up relevant adaptation 
policies and strategies needed for the country or the region.
3.3.2 Vulnerability of coastal communities to climate change:
3.3.2.1 Integrated Coastal Zone Management:
Since the First Assessment Report of IPCC (1990) attention has been given not only on the 
science behind climate change, but also to people exposed to its impacts and possibilities for 
reducing the problem (Patt et al, 2005). The impacts o f climate change, vulnerability 
assessment, mitigation measures and definition of adequate adaptation measures should be 
taken into consideration and included in the planning of Integrated o f Coastal Zone 
Management (ICZM) (Klein & Nicholls, 1998), ICZM will allow for better analysis of the 
effects of pressure and stressing factors on coastal system, including climate change impacts 
and their interrelations.
In addition, the ICZM will recognise the best way to deal with current and long term coastal 
problems. Particularly, when the climate change assessments have shown that such changes 
are not the most crucial issues for a coastal region, but the pressures from the population
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growth and economic development have already created problems and hazards in those areas 
(Klein, 2002).
Therefore, ICZM is recognised widely as the most appropriate process in dealing with current 
and long-term coastal challenges. It provides the conditions for facilitating development 
stimulate progress and encourage human and institutional behaviour to achieve shared goals 
(Klein, 2002).
Third Assessment Report of IPCC, stated that ' Integrated Coastal Zone management is an 
iterative and evolutionary process for achieving sustainable development by developing and 
implementing a continuous management capability that can respond to changing conditions, 
including the effects of climate change'. Since the Third Assessment Report numerous 
efforts have been undertaken to assess the vulnerability of human environment system, for 
short and long terms both in developing and developed countries in order to anticipated 
environmental changes, primarily among global climate changes (Patt, 2007).
In this regard IPCC (2007) has stressed urgently, in order to have better implementation of 
ICZM scheme and the realisation of climate change adaptation measures it require a relevant 
change of perspective (long term rather than short term, prevention rather emergence, 
integrated approach rather than sectoral intervention, in addition, to national context, radical 
modification of institutions, legal and regulatory aspects and socio-economic development 
plans.
According to the World Bank ICZM is defined as " a dynamic process in which a coordinated 
strategy is developed and implemented for the allocation of environmental, socio-cultural and 
institutional resources to achieve the conservation and sustainable multiple use of the coastal 
zone" (Vellinga & Klein, 1993:264).
3.3.2.2 Conceptual framework on Coastal Vulnerability:
As has been mentioned earlier coastal zone is highly vulnerable and facing many climate 
change hazards such as storm surge, coastal erosion, coastal flooding and sea level rise. 
Among such hazards sea level rise is the main threat to the coastal zones, which would 
increase the susceptibility o f coastal populations and ecosystems through the permanent 
inundation of low-lying regions and increased beach erosion and saline intrusion (IPCC, 
2013).
68
According to (Mahapatra et al., 2013) the rising o f sea level endangers several smaller islands 
that are barely 2 m above the sea level such as Maldives and Tuvalu.
Moreover, by the end of 21 century millions o f people in low lying regions in many 
developing countries such as China, Bangladesh and Vietnam are likely to be the worst in 
facing the significant damage to property, infrastructure, people displacement and ecosystem 
loss as a result o f a danger sea level rise (Mahapatra et al, 2013).
Protection of life and coastal environment along the coasts are major causes o f concern 
coastal. Consequently, the assessment of coastal vulnerability to climate change is important 
since it is related to the way decisions are to be made regarding the reduction o f exposure to 
the impacts o f coastal hazards. The coastal vulnerability assessment involves several concepts 
that must be clearly defined. Therefore, it is important to give an overview on concepts and 
methods of vulnerability assessment to climate change (IPCC, 2007).
From the literature review, there is no universal accepted definition of vulnerability and 
neither is it clear how it can be as a tool for environmental assessments however it has 
become very common now and important component of studying the relationship between 
man and the environment (Mukhopadhyay et al ,2012).
The IPCC (2001a;2007) defines coastal vulnerability to climate change in the Third 
Assessment Report (AR3) and Fourth Assessment Report (AR4) as a tool to assess degree of 
incapability of these areas to cope with the climate change and accelerated sea level rise, it 
includes both the susceptibility of the coastal zone to physical changes resulting from 
changes and the anticipated impacts on socio-economic and ecological systems and available 
adaptation options (Dolan & Walker, 2004; IPCC,2007). The understanding of vulnerability 
would enable coastal scientist and policymakers to anticipate impacts which could result from 
climate changes, then, the priorities management efforts which could be undertaken to 
minimise risks or reduce possible consequences could be considered and implemented (Klein, 
2002).
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On the other hand, Clark, et al (1998) defines vulnerability as ' a function of two attributes: 
first the exposure of the risk o f experiencing a hazardous event; and second coping ability, 
subdivided into resistance the ability to absorb impacts and continue functioning, and 
resilience the ability to recover from losses after an impact'.
Ultimately, there are various definitions of vulnerability from different perspectives on 
different issues, yet, all the various definitions manifest that the concept of vulnerability is 
defined differently depending on the context in which it is used and is closely related to other 
concepts, such as risks, hazards and resilience (IPCC, 2007).
Various methods have been developed to assess coastal vulnerability to climate change 
hazards. However, most o f these methods recognize the need to incorporate human aspects; 
nevertheless, few have been able to do so (Abuodha & Woodroffe, 2010).
Due to the importance of human involvement in the vulnerability assessment, only those 
indices that incorporate socio-economic aspects are reviewed in this section. These will 
include some of the common approaches developed by international bodies such as the IPCC 
Common Methodology (CM), Technical Guidelines and Coastal Vulnerability Index (CVI) 
and its modifications.
In view o f that, many attempts have been achieved during the last years to assess climate 
change implications in coastal areas (IPCC, 2007); there have been better understandings of 
the interrelationships between the impacts o f climate change and human activities along the 
coastal areas worldwide particularly, after the IPCC First assessment report (1990) and its 
supplement (1992) IPCC (2007). Despite the fact, the climate change impacts by itself may 
not always considered as the largest threat to natural coastal environment (IPCC,2007), 
however, it can become a serious issues for those environments in conjunctions with other 
stresses especially in areas of reduced resilience (IPCC,2007).
In order to increase resilience and to help reduce the impacts o f climate change on coastal 
areas including both infrastructure and human beings, identifying sections of coastal areas 
susceptible to sea level rise and other climatic hazards is necessary for more effective coastal 
zone management. Therefore, vulnerability has emerged as a central concept for 
understanding the climatic change impacts and to develop adequate risk management 
strategies (Kasier, 2007).
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As part of these attempts, the IPCC has established a methodology for assessing the 
vulnerability o f coastal areas to sea level rise, which aims to identify population and 
resources at risk and the coasts and feasibility of possible responses to adverse impacts. 
Hence, many approaches have been used to review the vulnerability o f different areas (IPCC, 
2007; Richard et al, 1999). Vulnerability assessment to climate change covers a wide scale 
consideration for the potential impacts and required adaptations. It allows for evaluating 
overall vulnerability of different communities and economics sectors to the aggregate impacts 
of climate change, accordingly options to improve future adaptive capacity will be identified.
3.3.2.2.1 IPCC Common Methodology and United Nations Environmental Programme 
(UNEP) Guidelines on Methods for Impact Assessment:
World-wide it is acknowledged that the Common Methodology (CM) and similar approaches 
are the most important and frequent used framework for assessing coastal vulnerability to sea 
level rise in addition to assessing climate change impacts and adaptation (Richard et al, 
1999). The aim behind conducting such assessment methodologies for all countries was to 
compare their relative vulnerabilities to climate change, thus, it will be clear which o f them 
are largely vulnerable. By evidence, more than 24 national assessments and 1 global 
assessment have applied such approaches (IPCC, 2007).
The IPCC (2001) described the CM methodology as an influential framework for 
vulnerability assessment that was first proposed in 1991. Although both the CM and technical 
guidelines methods are comprise seven consecutive analytical steps for assessing coastal 
vulnerability. However, the CM was developed by the IPCC's Coastal Zone Management 
Subgroup (CZMS) specifically to assess the vulnerability o f various coastal nations to sea 
level rise (Mukhopadhyay et al., 2012). While assessing of vulnerability to accelerated sea 
level rise, the CM considered the potential impacts on population, economic sector, 
ecological and social assets and on agriculture production.
The main objectives of the CM as described by IPCC (1992) are to provide a tool to:
1) Identify and assess ecological, socio-economic and physical vulnerability to 
accelerated sea level rise and other global climate change impacts;
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2) Explain how possible responses can mitigate vulnerability and assess their residual 
effects;
3) Recognize how socio-economic factors and other development affects vulnerability; 
and
4) Assess a country's capacity for implementing a response within a broad coastal zone 
management framework.
According to (IPCC CZMS, 1992), the CM is built up of seven successive steps as follow:
1- Delineate case study area, and specify accelerated sea level rise and climate change 
conditions.
2- Inventory study area characteristics.
3- Identify relevant development factors.
4- Assess physical changes and natural system responses.
5- Formulated response strategies identifying potential costs and benefits.
6- Assess the vulnerability profile, and interpret results.
7- Identify future needs, and develop a plan o f action.
Additionally, the CM includes three scenario variables: global climate factors, local 
developments factors and response options where a time horizon of 30 years is applied and it 
considers national developments by extrapolating 30 years from the present situation.
Although CM has been applied worldwide in many countries for assessing coastal 
vulnerability, yet, several studies in countries such as Australia and India found deficiencies 
in CM because the biophysical framework in not adequate to support the engineering and cost 
benefit stages. Furthermore, critics considered that the data for the parameters considered in it 
were either not easily available or inadequate and an economic-based approach rendered it 
unsuitable for being of much use to coastal planners (Klein and Nicholls, 1999).
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Collectively, the DPCC has noted number o f problems by using the common methodology 
(IPCC, 2007) which can be summarised as follow
1- A lack of basic data in many countries such as the coastal topography has lead in 
difficulties in determining accurately the impacts on coastal zones.
2- In regard to sea level rise scenario by 2100, many scientists have found this 
scenario as an inappropriate to their respective areas, mainly due to the lack of more 
detailed data on coastal elevations, whereas others due to a lack of regional climate 
scenarios, have ignored the spatial distribution of relative sea level rise and other 
coastal implications of climate change.
3- A lack of data and models on describing local coastal processes and responses for 
most areas have hindered detailed for studying the bio-geophysical response of 
coastal system to sea level rise.
4- Although the vulnerability assessment have resulted in some useful guidance for 
potential climatic impacts, however, the common methodology has been less 
effective, particularly, in assessing technical, institutional, economic, and cultural 
elements for different areas.
The United Nations Environment Program (UNEP) developed a handbook on ' Methods for 
Climate Change Impact Assessment and Adaptation Strategies' as part o f its participation in 
the development of guidelines and handbooks for climate change country studies, and as a 
part of the world climate change impact assessment and response strategies programme. It 
has been designed to serve as a more generic framework for any natural or socio-economic 
system (Sterr et al downloaded www.sterr.geographie.uni-kiel.downloads/climatechange). 
Like the CM method, the UNEP methodology consists also of seven steps. At each step, 
methods are suggested but the choice is left to the user. This approach constitute a pilot study 
or follow earlier studies such as those completed using the IPCC CM tool or be quick 
screening assessment prior to more detailed vulnerability assessment ( Klein and Nicholls, 
1999).
Eventually, different approaches to vulnerability assessment show that there are still barrier 
to the conduct of comprehensive impact and response analysis due to different reasons. 
Firstly, insufficient data on existing conditions. Secondly, difficulty in developing future
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changes using the local and regional scenarios. Thirdly, incomplete understanding of relevant 
processes affected by sea level rise hazards and their interactions. And finally, the lack of 
appropriate analytical methodologies for some impacts (IPCC, 2007).
3.3.2.2.2 Coastal Vulnerability Assessment (CVI) approach:
Yoo et al (2011) pointed out that several efforts have been developed to assess climate 
change vulnerability to act as guidance for scientists, policy makers and coastal mangers to 
improve their understanding on where along the coastline the impacts of climate change and 
SLR. The most important efforts have concentrated on the development o f a composite index 
to compare climate change vulnerability (a Coastal Vulnerability Index (CVI)) among 
different countries. According to Abuodha and Woodroffe (2010) the CVI was first developed to 
climate change particularly to sea level rise by Gomitz et al. (1990) for United States coastal 
considering inundation, flooding and susceptibility to erosion.
Gomitz et al., (1990) had included seven parameters to assess the vulnerability of U.S west 
coastline to anticipated SLR. These parameters are (1) Coastal geomorphology, (2) Coastal relief 
(m), (3) Shoreline change (m/yr), (4) Mean tidal range (m), (5) mean wave height (m), (6) Sea 
level change (mm/yr) and (7) Rock type.
However, many modifications were made to CVI during last year’s. For example, Gomitz in 
1991 suggested that CVI method could be applied on a global scale and could be improved by 
using the variables of storm frequency and how much population at risk. In addition Nageswara 
Rao et al., 2008, replaced the relief parameters with coastal slop. The reason behind such changed 
as he explained was that relief is inductive of a single point whereas slop refers to an area which 
is more suited for coastal vulnerability assessment.
Furthermore, Mahapatra et al (2013) described that the CVI ranks the variable considers under 
study where the ranking for each variable will be combined and an index value calculated. The 
results will be numerical data that cannot be linked directly with particular physical effects but it 
will highlight those coastal segments where the effects of sea level rise might be the greatest. 
The advantages of using CVI methods are simply, reliable and hasty.
The assessment method can simplify a number of complex and interacting parameters, 
represented by diverse data types, to a form that is more readily understood and therefore has
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greater utility as a management tool. Therefore, such approaches will indentify certain 
standards to determine the priority of support for adaptation and act as guidance for scientists, 
coastal managers and policymakers to improve their understanding on where along the 
coastline the impacts of SLR, climate change and other non-climate drivers will be most 
keenly felt (Gomitz et al, 1994).
For analysing vulnerability in a specific region and society on scale that is useful for 
delivering outputs which can be transferred into decision making processes, it is important to 
understand the interaction between socio-economic and biophysical system components 
(Kasier, 2007). In this context, Kaiser (2007; Kumar & Tholkappian, 2006) classified the 
indicators of coastal vulnerability into:
1- Social vulnerability: demography, health, education, and work.
2- Economic vulnerability: capital value at loss, land loss and labour force.
3- Ecological vulnerability: ecological values and environmental pressures.
He concluded that coastal vulnerability indicators are used to provide an effective tool, 
helping analysing and understanding the risk a coastal area is exposed to the decision makers 
on both local and national level.
Many countries world-wide have applied CVI methods with different modifications for 
assessing the relative coastal vulnerability to sea level rise. In the U.S in addition to CVI 
which developed by Gomitz (1990), Thieler Hammer-Klose (1999) developed a coastal 
vulnerability index using historic shoreline erosion rate, geomorphology, relative rates of sea 
level rise, coastal slope, wave height and tidal range. Similar parameters had been considered 
to assess coastal vulnerability of Westem pelleponese in Grece coast. For Canadian coast, 
Forbes et ah, (2003) developed erosion hazards index by using sensitivity index, exposure, 
storm surge water level and slope variable. For South Africa Coast Hughes and Bmndrit 
(1992) calculated risk matrix using location, infrastmcture (economic value) and hazard.
In Northem Ireland a GIS based coastal vulnerability index for wave-induced erosion has 
been developed incorporating of socioeconomic variables by Mclaughlin et ah, (2002). The 
overall index constitutes of the sum of three sub-indexes such as coastal forcing.
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socioeconomic sub-index and coastal characteristic. The variables of socio-economic sub­
index were population, cultural heritage, railways, land use, conservation status and roads.
However, there is a problem with the CVI approach as described by Gomitz et al., (1994); it 
is not considering the socioeconomic data. Klein and Nichols (1999) stated that any 
assessment of coastal vulnerability without reference to its social aspects in not useful. They 
explained the reason as that 'the magnitude and occurrence of coastal impacts o f sea level rise 
will be a function of a number of future socioeconomic and environmental developments'. To 
overcome this problem, Bomff et al., (2005) developed a hybrid approach in the assessment 
of coastal vulnerability o f US countries. They combined the CVI tool with the social 
vulnerability index, which considered all the parameters of the CVI and such parameters as 
population, development, age, urbanization and poverty. This approach is considered as the 
first ever comprehensive study of coastal hazard vulnerability in the world.
In conclusion, the vulnerability assessment methods for different case studies worldwide have 
offered some important insights about potential and possible impacts of climate change and 
sea level rise in addition to possible responses to such impacts, nonetheless, the IPCC Fourth 
assessment report argued that coastal vulnerability assessment still focus primarily on sea 
level rise comparing with other dimensions of climate change (Nicholls et al, 2008; 
IPCC,2007), in addition, the scientific uncertainty is noticeable in this type o f assessment 
(Patt,2007).
Theoretically, inherent uncertainty in trying projections for natural systems up to 100 years in 
the future is difficult due to accumulation of uncertainties up on each other, mainly, when 
translating natural system changes to their effects on an uncertain social system (Patt, 2007).
On the other hand, Patt (2007) pointed out the three reasons for the complexity of 
Vulnerability assessment to climate change comparing with natural vulnerability assessment. 
First reason for the greater requirements of multiple triggering events, control variables, and 
forms of harm, which may led to the difficulties of modelling the connections between these 
multiple factors. Secondly, there is no approach to confirm the integrative models and test 
whether the various pieces of the system interact in the way that is proposed. Thirdly, such 
method requires possible projecting states of a complex adaptive system far into the future, 
with enough accuracy towards differentiate between the effectiveness o f competing present 
policy options.
76
In spite o f these limitations associated with vulnerability assessment methodology, the fourth 
assessment report for IPCC (IPCC, 2007), argued for the better improved of future 
vulnerability assessment, largely, by the availability of regional scenarios for climate change 
and sea level rise, including reference, low and high scenarios.
Furthermore, Richard et al (1999) concluded that, more attention should be given on the 
effects of changing frequencies; intensities and area occurrence of extreme weather events, 
due to limitations of conclusion regard the climate models for the direction and magnitude of 
such changes. The focus should also be given on integrated of sea level vulnerability 
assessment with present-day
According to Patt (2007) there are three areas of vulnerability research assessment. The first area 
deals with natural hazards such as earthquakes, cyclones and floods, where the way in which 
people will suffer when such hazard hits are assessed and addressed in addition to identify and 
implement measures to minimize each of these consequences.
The second area of vulnerability assessment concerned with the famine relief community, in such 
case the assessment involves listing as many as possible events that trigger crisis, identify and 
implement measures to break any casual chain. Nonetheless, such assessment has in many 
developing countries, particularly, led to the creation o f famine early warning systems, which help 
in monitoring environmental and social indicators which predict a growing food insecurity crisis.
The third assessment research deals with the climate change impacts assessment community. The 
assessment include the listing the possible natural events both chronic and acute which may be 
resulted from climate changes, associated with possible ways which may affected people in that 
place due to the consequences of such changes, and identifying and implementing measures to 
reduce harms.
On the whole, there are many constrains encountered when developing ICZM programme for 
climate changes (Vellinga&Klein, 1993). First, a holistic, long term view of all complex factors 
are required to be considered when developing an ICZM. Secondly, in order to achieve sustainable 
multiple uses o f coastal resources, different needs and interests should be balanced. Thirdly, the 
institutional aspects might be complicated in terms of divided responsibilities among sectoral and 
local, regional and national and international authorities. Therefore, ICZM to achieved success
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tools towards climate change consequences; it requires good cooperation and understanding 
between different levels of government involved.
Unlike vulnerability assessment, climate change adaptation is a series of actions or 
techniques developed to reduce impacts or exploit beneficial opportunities resulting from 
climate change (IPCC, 2007). However, not all adaptation strategies will require direct shifts 
in day-to-day management of estuarine and coastal ecosystems, as some options may fulfil 
current management goals. Conversely, many will require a shift in management strategies 
and decision making processes (Klein and Nicholls, 1999; Nicholls et al, 2008.
fil general, adaptation strategies should be taken to increase the flexibility in management of 
vulnerable ecosystems, enhance the inherent adaptability of the species and ecosystem 
processes within vulnerable natural systems, and reduce trends in environmental and social 
pressures that increase vulnerability to climate variability (Klein & Nicholls, 1999). As 
adaptation options are being developed it is important to consider that management responses 
can exacerbate a system’s vulnerabilities. As a result, it is increasingly important to ensure 
that coastal managers have the appropriate resources to address these issues (IPCC, 2007).
On the other hand, mitigation action of coastal areas is needed to reduce climate change in 
association with adaptation. Hence, the IPCC has assessed the impacts of climate change to 
be considered within the context of present coastal developments and stress to ecosystems. 
Therefore, many efforts have been made in order to adapt to climate change in such areas. 
Among the most important is the Integrated Coastal Zone Management (ICZM) process 
(IPCC, 2007).
3.4 Projections of Climate Change:
It has been suggested by IPCC the term projection is more appropriate than prediction when 
considering the exploration of future changes in climatic and related variables due to their high 
degree o f uncertainty (Frederic & Emilliano, 2001). In addition the IPCC, in order to intend an 
internally picture o f possible future climatic conditions which depends on future emissions of 
GHG’s and other pollutants, which in turn depend upon how population, economies, energy
78
technologies and societies develop, therefore, they have developed a concept of climate change 
scenarios (Frederic & Emilliano, 2001).
As with many types of discoveries, scientists has made possible predication o f several important 
climate changes in the biosphere which could lead to major implications for human wellbeing over 
the coming years, decades and even centuries. However, the ability of scientists to predict climate 
change impacts with some accuracy and reliability create the opportunity to improve climate 
mitigations and adaptation measures in way that take into account the direction and magnitude of 
future changes, no matter what the causes of such changes (Patt et ah, 2005).
Several studies have claimed that, global GHG emissions will continue to grow over the next 
decades, although mitigation policies and related sustainable development practices have been 
applied worldwide (Bernstein, L et al, 2007).
Numerous studies have attempts to explain the central role of scenarios in climate change impacts 
and adaptation assessments. According to IPCC (2001) a scenario is defined as a "coherent, 
internally consistent and plausible description of a possible future state of the world, it is not a 
forecast, each scenario is one alternative image of how the future can unfold" (Carter,.T & 
Rovere,.E,2007: 149).
Scientist have found that, scenarios are commonly used in climate change impacts, adaptation and 
vulnerability assessment to provide alternative views of future conditions considered likely to 
influence a given system or activity, in addition it investigate the potential consequences of 
anthropogenic climate change (Carter,.! & Rovere,.E,2007). However, Meams & Hulme (2001) 
mentioned that such scenarios should represent conditions accounts for both causes related to 
human induced and natural climate variability.
The IPCC TAR distinguish between a climate scenario and a climate projection which refer to "a 
description o f the climate system to a scenario o f greenhouse gas and aerosol emissions as 
simulated by a climate model" (IPCC, 2001:743).
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Meams & Hulme (2001) argues that climate projections rarely provide sufficient information to 
estimate future impacts of climate changes unless combined with model outputs and observed 
climate data.
IPCC has also made a distinction between climate change scenarios and non- climatic scenario 
which provide socioeconomic and environmental context within which climate force operates, in 
addition, IPCC (2007) distinguish between a climate scenario and climate change scenario, where 
the former refers to a likely future climate, the later refers to difference between some plausible 
future climate and the present day climate.
Meams & Hulme (2001) described four types o f climate scenarios that have been applied in 
impact assessment. According to them the most common type o f those scenarios has received 
most attention in their report due to its outputs which based from climate models. The other three 
types namely: incremental scenarios for sensitivity studies, analogue scenarios and general 
category of other scenarios have been applied with reference to or in conjunction with model- 
based scenarios. Figure (7) illustrate the origin and mutual linkage of climate scenarios.
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and common types of scenarios indicted by the (highlighted boxes). (SourceiMearns & 
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On the other hand, Smith & Hulme (1998) identified the suitability of each type of scenario in 
terms of policy relevant impact assessment to be assessed based on five different criteria:
1- Consistency at regional level with global projections: although the scenario changes in 
regional climate may lie outside the range of global climate means, yet, it must be 
consistent with theory and model based results.
2- Physical plausibility and realism: any changes in climate should be physical plausible, 
consequently, changes in different variables are mutually consistent and credible.
3- Appropriateness: for a sufficient number of variables and over an adequate time horizon to 
allow for impact assessments, the scenarios should present climate change at an 
appropriate temporal and spatial scale.
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4- Representativeness of the potential range o f future regional changes in climate; and
5- Accessibility: for developing climate change scenarios, all required information should be 
readily available and easily accessible for use in impact assessment.
The incremental scenario as highlighted by Meams & Hulme (2001) is a technique which used to 
test system sensitivity o f an exposure unit to a wide range of climate variations, it also identify key 
climate thresholds by creating impacts response surfaces- graphical devices for plotting changes in 
climate against some measure of impact. Although, such scenario is easy to design and apply, yet, 
it has possibility for creating unrealistic scenarios and not directly related to greenhouse gas 
forcing.
Second scenario as described by Meams & Hulme (2001) is analogue scenarios which constmcted 
by identifying recorded climate regimes that may resemble the future for a given region. For such 
constmction both spatial and analogues have been used. While the spatial analogues concem 
regions which today have a climate analogue to that anticipated in the study region in the future. 
In contrast, temporal analogues use climatic information from the past as an analogue for possible 
future climate, which further divided into palaeoclimatic analogue which based on constmction of 
past climate from fossil evidence, with two covering periods: the mid- Holocene (about 5 to 6 
thousand years before present) and the last (Eemian) Interglaeial (about 120-130 thousand years 
before present), where during these periods, mean global temperatures were wormer or as warm as 
today. Many countries have applied such scenarios such as former Soviet Union. However, the 
major problems with such scenarios, it is not related to greenhouse gases force and it is using 
causes of past changes in climate that are different from those posited for the enhanced greenhouse 
effect, for that reason, the resulting regional and seasonal pattems of climate change may be quite 
different.
The other tool of temporal analogue scenario is instmmentally based analogue which is applied to 
explore vulnerabilities and some adaptive capacities. However, such tool is not related to 
greenhouse gases forcing, its magnitude of climate change usually quite small (Meams & Hulme, 
2001).
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In spite of scenarios facts, the scenarios which based on output from climate models have been 
identified as most common types for impact assessment where the elimate models at different 
spatial scales and levels of complexity provide the most essential information required for 
construction appropriate, plausible and credible scenarios (Meams & Hulme, 2001).
In this perspective, the General Circulation Models (GCM), are considered as the most common 
methods for developing elimate scenarios particularly for quantitative impacts assessments, in 
addition, currently there are the most advanced tools available to simulate the response o f global 
climate system to changing atmospheric composition (Meams & Hulme, 2001).
Critics have argued on all earliest GCM based scenarios that developed for impact assessment in 
the 1980’s based on equilibrium response and contained no explicit information about the time of 
changes realisation, even though, during that period some studies had introduced time-dependeney 
by using pattem sealing teehniques (Meams & Hulme, 2001).
Since the 1990’s onwards, the climate scenarios have been applied by using pattem of climate 
response to gradual changes in atmospherie composition by using outputs from coupled 
Atmosphere- Ocean General Circulation Models (AOGCM) simulation. The historical forcing by 
greenhouse gases and aerosols has been modelled by using AOGCM simulations for the late 19^  ^
or early 20* century onwards. Consequently, scientists elaimed that, such scenarios based on these 
simulations have been widely used in adapting impact studies, in conjunction with scenarios based 
on ensemble simulations and scenarios accounting for multi-decadal natural climatic variability 
from long AOGCM control simulation (Meams & Hulme, 2001).
Nevertheless, such scenarios have not escaped criticism from scientists (Meams & Hulme, 2001) 
where they found several limitations restricted the usefulness of AOGCM outputs for impact 
assessment which can be summarized as follow:
1- The large resources which required for making GCM simulations and store their outputs 
have restricted the range of experiments which can be conducted.
2- Comparing with other scale of many impacts assessment their spatial resolution exceeds 
the reasonable resolution aceuracy of the models themselves ( for instance; unlike most
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climate modellers who do not consider outputs from their simulation experiment to be 
valid on a single grid box scale and usually examine the regional results from GCMs over 
a cluster of grid boxes, many climate scenarios constructed from GCM, in contrast, taken 
information from single GCM grid boxes).
3- There is a difficulty to distinguish between an anthropogenic signal and the noise of 
natural internal model variability; and
4- The variation in climate sensitivity between models.
Meams & Hulme (2001) has also pointed out that, there are three additional types o f climate 
scenarios which have been also adapted in many impact studies. The first one involves 
extrapolating trends in climate which have been observed in some regions and appears to be 
consistent with model based projections of climate change. However, the main weaknesses of 
such scenarios, there are only assuming that recent trends are due to anthropogenic forcing rather 
than natural variability. For that reason it is difficult to defend the credibility of scenarios which 
posit a trend in opposite direction. The second type scenario, uses empirical relationships between 
global mean temperature and regional climate by using the instrumental record as a result, 
extrapolate future regional climate rely on the projected global or hemispheric mean temperature 
change. Similar, this method is danger where it only assumes that past relationships between local 
and broad-scale climate are also applicable to future conditions.
The third type of such scenario estimates future climate change based on expert judgments for 
example climate scientists. However, the major criticism of such scenario is on the expert 
judgment which includes problems of the representativeness o f the scientists sampled and likely 
biases in questionnaire design and analysis of the responses.
Despite the fact, to assess variations in the atmospheric composition and to generate projections of 
climate change for 2100, IPCC has developed a Special Report on Emission Scenarios 
(SRES,2000) which groped into four families scenarios (A1,A2,B1 and B2) (Bemstein,.L et 
al,2007).
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IPCC (2007) explored alternative development pathways, which covering a wide range of 
economic, technological and demographic driving forces and resulting GHG emissions by using 
the SRES, however, such scenarios do not include additional climate policies within the current 
ones.
Furthermore, IPCC (2007) highlights the important of emissions projections at global and regional 
level in assessing the future climate changes and their underlying assumptions concerning the 
socio-economic, demographic and technological change that serve as inputs to many recent 
climate change vulnerability and impact assessment (Bemstein,.L et al,2007).
In the A 1 scenarios IPCC assumes a world with a rapid economic growth, a global population 
peaks and a rapid introduction of new and more efficient technologies, in addition, A1 developed 
into three groups which describe alternatives directions of technological changes by dividing into 
three groups analysed the fossil intensive (A lF l), non-fossil energy resources (AIT) and a 
balance across all sources (AIB).
The B l, in contrast, illustrate a convergent world with the same global population as A l, but with 
more rapid changes in economic growth particularly on service and information economy.
The third scenario of SRES is defined as B2 which its storyline assumes a world with intermediate 
population and economic growth, focusing solutions to social, economic and environmental 
sustainability. The last group family o f SRES is A2, which describes a very heterogeneous world 
with high population growth, but slow economic developments and slow technological changes 
(Bernstein, L et al, 2007).
Nevertheless, the most serious disadvantage of these scenarios is that no likelihood has been 
attached with any of them. Therefore, many attempts have been carried out since the IPCC SRES 
included publishing a number of baseline emissions scenarios that are comparable in range to the 
SRES (Bemstein,L et al,2007).
While the SRES scenarios projected an increase of GHG emissions between 2000 and 2030 to by 
at a range o f 9.7 to 36.7 GtC02-eq (25-90%), with fossil fuel projected to be maintain at their 
dominant position in the global energy mix to 2030. However, recent studies since SRES have 
used lower value for some drivers for emissions, particularly population projections. In spite of
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that fact, incorporating o f new population projections changes with other drivers such as economic 
growth will undoubtedly result in little changes in overall emission level. This view is supported 
by Working Group III (WGIII) of the EPCC who reported that Economic growth projections for 
Africa, Latin America and the Middle East in post-SRES for 2030 is lower than in SRES, whieh 
accordingly has minor effects on global economic growth and over all emissions (Bemstein,L et 
al,2007).
More recent arguments against climate change scenarios have been pointed out by Frederic & 
Emilliano (2001) particularly on the IS92a which known as "a central scenario" and have been 
widely used as eomiuon reference for the analysis of possible climate change impacts and 
mitigations. These scenarios developed based on assumptions concerning population and 
economic growth, land use, technologieal ehanges, energy availability and fuel mix during the 
period 1990 to 2100. Six marker seenarios have been developed, covering all scenarios and 
representing the quantifications of climate variables (IPCC, 2000). Consequently, climate models 
can be used to develop projections of future climate.
The IPCC has elaborated a set of projections of greenhouse gas concentrations based on the lS92a 
emission scenarios. All of these projections have shown an increase o f greenhouse gas 
concentration for the period of 1990 to 2100, as an example, the pereentage increase of C02 
ranges between 35 and 170% as shown in figure ( 8 ) ,  (1PCC,2000).
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Figure 8.3 a): The IS92 emission scenarios developed by IPCC for total anthropogenic
C 02, b) the atmospheric C 02 concentrations by 2100 (Source: Bochier& Ramieri,2001.P: 
14).
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Based on the concept of developed scenarios, the IPCC assuming "a best estimate value of climate 
sensitivity" a projected increase in global mean surface temperature by 2100 will likely to be from
1.4 to 5.8 °C above 1990 level, generally the average rate of warming will probably be greater 
than any seen in the last 10,000 years (IPCC, 2000) Figure 9 show the projected increase in Global 
temperature by 2100.
Despite the increasing warm world by 2100, Edwards (1995) argued on the increased of sea 
surface temperature in the tropical and subtropical ocean to be considered as an anomalous, 
particularly in association with strong EL Nino Southern Oscillation (ENSO) events, however, the 
projected change in mean sea surface temperature for those areas expected to by between 1 - 2 ° C 
by the year 2100, therefore, the sea surface temperature by 2100 could be normal occurrence 
(IPCC,2007).
In addition, the IPCC has concluded that by 2100 the average sea level is expected to rise between 
0.1 and 0.9 m, as a result of thermal expansion of the oceans and melting of glaciers and ice 
sheets, figure 9 (IPCC,2007).
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On the other hand, (Brochier & Ramieri, 2001) have argued on the projections concerning future 
climatic change, in order to have better understanding whether and in what measure climate 
change has occurred, the analysis comparison between both recent and past conditions must be 
taken into considerations. In it must be taken into consideration the analysis o f the present 
situation and the assessment o f the past trends. In this context, it must be noted, the systemic 
complete data set for global temperature records and other climatic variable are only available 
since I860.
Although, many attempts and combination of historical documents, instrumental records and 
environmental indictors have been used to estimate the past climate conditions, still, considerable 
efforts and explorations are still required to have c comprehensive overview of past climatic 
variations (Brochier & Ramieri, 2001).
Although, IPCC has developed scenarios to assess likely impacts of climate change for 2100, 
Klein and Nicholls (1998), however, argued on climate change and sea level rise scenarios. It is 
important to generate other scenarios related to concept o f vulnerability which is a multi­
dimensional includes biogeophysical, economic, institutional and socio-economic factors. 
According to them, the scenarios can be grouped into four classes:
a) Climate-induced change in environmental variables (e.g sea level rise, temperature and 
rain).
b) Non-climatic induced changes in environmental variables (e.g vertical land movements).
c) Climate-induced change in socio-economic variables (e.g autonomous and planned 
adaptation).
d) Non-climatic induced change in socio-economic variables (e.g population, land use).
Klein and Nicholls (1998) have also suggested considering a wide spectrum of scenarios that are 
able to include in the evaluation process the uncertainty of the future changes.
Although, many studies have been done on assessing climate change impacts and developing 
scenarios for future impacts, still, there are many uncertainties limits the ability to project and 
detect future climate change. Consequently, IPCC (2007) has pointed out the priority work needed 
to reduce uncertainties as follow:
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1- Associated climate models with clouds, oceans, sea ice, and vegetation in order to improve 
quality o f projection rates and regional patterns of climate change.
2-In order to better model testing, assessment of temporal and regional variability and for 
detection and attribution studies , a systematic collection of long-term instrumental and 
proxy observations of climate system variables must be considered and taken into 
considerations.
3-Investigation o f non-liner processes and sub-components of the climatic system particularly 
with unexpected behavior including for example the rapid circulation changes in the North 
Atlantic and feedbacks associated with terrestrial ecosystem changes (IPCC, 2007).
However, all the previously mentioned scenarios suffer from uncertainties which arise from a 
variety of different sources, particularly when an attempt has been made to implant such scenarios 
(Meams & Hulme, 2001).
More recent arguments against such uncertainties have been extensively discussed by the Third 
Assessment Report (TAR) of IPCC (2001); the key uncertainties as follow:
1- Although both the SRES and IS92 emissions scenarios illustrate the uncertainties in future 
GHG and aerosol emissions, however, each scenario implies different atmospheric 
compositions and resulted in different radiative forcing.
2- One major uncertainty with climate scenarios resulted from the difference in the global and 
regional climate simulated in different models for the same forcing. For example, some 
(GCM) simulates greater mean global warming per unit o f radiative forcing comparing 
with other models and yield different regional climate patterns.
3- Most climate scenarios have combined both observed climate data and model -based 
estimates o f climate change, the main uncertainties with such method introduced due to the 
observed data sets which rarely capture the full range of natural decadal scale climate 
variability, because of errors in gridded regional or global baseline climate model data sets 
and because different methods are used to combine model and observed climate data.
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Therefore, a better study on climate change scenarios will address these problems and still require 
more attention as highlighted by IPCC (2001). First, the need of socio-economic, environmental 
and land use changes integration into the process of scenario development, which have been 
unsatisfactory in many recent impact studies. Second, new techniques should be emerge to explore 
the role of scenarios, conditional probabilities and conditional forecasts in providing policy 
relevant advice in impacts assessments in an environmental of high uncertainty. Thirdly, more 
research is required into methods of representing variability change in scenarios particularly 
scenarios of changes in variability and frequency o f extreme events. However, all the previous 
mentioned scenarios suffer from limited in addressing adaptation; still, existing scenario methods 
could be refined to address adaptation (Jones et al ,2001).
In general, throughout the coming century, the climate change impacts will vary from region to 
others. Whereas some regions will experience more warming than others, an increase o f extreme 
heat and droughts will affects others. Greater increase in average temperature is expected to see in 
high latitudes and polar region than lower altitudes, due to melting of permafrost and sea ice, 
which will cause disruption to ecosystems. Precipitation, on the other hand, may have even more 
regional variability which is hard to predict (Staudt & Hultman, 2007).
Therefore, it is very important to have a defensive and mitigation structures which are projected to 
be flexible and to function in a wide range of options.
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level rise (source: Bijlsma, 1997.P:50)
A hierarchy of coupled ocean/atmosphere/ sea-iee/ land-surfaee models have been studied and 
developed to study the projections of future climate change at global response as well as possible 
regional pattern (Cubashsch & Meehl,2001).
The Atmospheric General Circulation Model (AGCM) which design through 1980's, is one type 
configuration in this climate model hierarchy. According to Cubashsch & Meehl (2001 ) such type 
of model describing the time evolution of temperature, winds, precipitation, water vapour and 
pressure in form of equations coupled to a simple non-dynamic slab upper ocean a layer of water 
usually around 50 m thick which calculated only temperature. The results from such simulations 
were considered as an early basis of societal concern particularly on the consequences of C02 
increasing concentrations.
However, Cubashsch & Meehl (2001) pointed out the major limitation o f such models in that, 
such equilibrium fails to provide information on time- dependent climate change as well as 
infonnation on rates of climate change. For that reason, scientists worked to develop more
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comprehensive fully coupled global models which describe as Atmosphere-Ocean Global Climate 
Models (AOGCM) in the late of 1980's and begun to be run with slowly increasing C02. In 
general, the results from two mentioned models first appeared in the 1990 IPCC Assessment 
Report (IPCC, 2001).
Since 1992, IPCC have updated the models and results from using four AOGCM run with C 02 
have showed an increasing by 1% /yr to double at around year 70 of the simulations.
More recent study by IPCC particularly after the Second Assessment Report (SAR) has made the 
attempts to have more extensive collection of global coupled climate model that results from 
models run with a C 02 increase standard of 1% / year (Cubashsch & Meehl ,2001).
In other major studies, IPCC (1992), found more results concerning possible changes in climate 
extremes and including information on possible future changes o f regional climate by focusing on 
changes in the mean and changes in the climate variability.
Consequently, for the first time the two global coupled models run with a more realistic forcing 
history for the 20* century as well as they allowed the direct comparison of the models response 
to the observation by combining the increasing o f C02 and direct effect o f sulphate aerosols for 
both the 20* and century ( Cubashsch & Meehl ,2001). The results gave a warming of 1.5 °C 
at mid 21^ century relative to 1990. Furthermore, a simpler climate model was used to investigate 
more exclusively the range of forcing scenarios and uncertainty in climate sensitivity; in this case, 
low emissions combine with low sensitivity and high emissions with high sensitivity, as result, an 
extreme range of 1 to 4.5 °C for the warming was given for the year 2100. Most important regard 
such results according to Cubashsch & Meehl (2001), that, these projections comparing to 
projections in IPCC 1990 were low, due to inclusion o f aerosol in the pre-1990 radiative forcing 
history.
With the release of the Fifth Assessment Report the IPCC has used a new set o f scenarios, the 
Representative Concentration Pathways (RCP’s) for the new climate model simulations carried out 
under the framework of the Coupled Model Inter-comparison Project Phase 5 (CMIP5) o f the 
World Climate Research Programme (IPCC,2013). The RCP’s represent a larger set o f mitigation 
scenarios and selected to have different targets in terms of radiative forcing at 2100. The scenarios
92
should be considered plausible and illustrative; in addition, they do not have probabilities attached 
to them. Furthermore, by using integrated assessment models the RCP’s were developed include 
economic, demographic, energy and simple climate components. The produced emission scenarios 
are then run through a simple model to produce time series of GHG concentrations that can be run 
in AOGCMs (IPCC, 2013)
After accounting for scenarios difference, the projected climate change based on RCP’s is similar 
to AR4 in both patterns and magnitude. However, for the high RCP’s the overall spread of 
projections is narrow compare to scenarios used in AR4, because the RCP’s used in AR5 are 
defined as concentration pathways, therefore, the carbon cycle uncertainties affecting atmosphere 
C 02 concentrations are not considered in the concentration-driven CMIP5 simulations compare to 
the SRES emissions scenarios used in AR4. For instance, the projections of sea level rise in AR5 
are larger than in AR4 and primarily this because of the improved physical understanding of the 
components o f sea level, the improved agreement o f process based models with observations and 
inclusion of ice sheet dynamic changes (IPCC, 2013).
For the RCP’s the SLR for 2081-2100 relative to 1986-2005 will likely be in the ranges of 0.26 to 
0.55 m for RCP2.6, 0.32-0.63 m for RCP4.5, 0.33 to 0.63 m for RCP6.0 and 0.45 to 0.82 m for 
RCP8.5 (medium confidence) that derived from CM1P5 climate projections in combination with 
process based models o f glacier and ice-sheet surface mass balance with possible ice sheet 
dynamical changes assessed from the published literature as illustrated in figure 11.3 below.
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Figure 11.3: The projection of Sea Level Rise based on RCP’s developed in the IPCC 
Fifth Assessment Report (IPCC, 2013).
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3.5 Projections of Global Climate Change in Oman:
According to IPCC (2007) the projection scenarios for climate changes are an interesting 
application for policy analysis for stimulation future long term influences on coastal areas. It 
can be argued that there are no projection scenarios have been applied to climate change 
impacts in Oman, the only projections available are the global scenarios for IPCC.
In this trend, Elasha (2010) indicated based on IPCC projection models for Climate Changes 
in the Middle East Countries as follows:
3.5.1 Temperature & Sea Level Rise:
Based on global model projections under the best and worst case scenarios a steady increase 
o f temperature in most of Arab region are projected to be over 2030, 2070 and 2100. Figure 
12 below shows the projected changes in temperature for the Gulf Countries by 2040's.
Furthermore, IPCC projected models for Middle East countries also indicate an accelerated 
increase of sea level rise by 2100, as illustrated in figure 13.
3.5.2 Precipitation:
According to the primarily climate change and climate variability scenarios applied for Arab 
region, the rainfall in this region will become intense and dry spells will become more 
pronounced. IPCC reported that increases in the amount o f high latitude precipitation are very 
likely, comparing with the most subtropical land regions with likely low precipitation. Figure 
14.
3.5.3 Extreme Events:
Some models reviewed by IPCC for Arab region including Gulf Countries, indicated an 
increase in the frequency and intensity o f some extreme climatic conditions such as floods, 
cyclones, hurricanes, storms and related disasters. Such events could lead to higher risk of 
flash floods and exposing more people to be at risk.
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Projected Patterns of Precipitation Changes
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p.l5)
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3.6 International Case study on Climate Change and Sea Level adaptation 
strategy
3.6.1 Case Study on coastal management strategies on climate change in Bangladesh:
Along the Bay o f Bengal, Bangladesh has a coastline of 710 Km’s which characterised with the 
reach of tidal waters, salinity intrusion, in addition to the landward that vulnerable to a range of 
natural hazards including cyclones and storms surges (Michel & Pandya, 2010). The coastal area 
possesses a great diversity of natural resources such as coastal fisheries and offers sites for 
development opportunities and critical infrastructure including harbors, airports and tourism 
facilities. About one-third o f the country is categorised as belonging to coastal zone.
The government of Bangladesh realise that there is an urgent need for coastal management 
strategies, especially with the increasing population, competition for limited resources, natural and 
anthropogenic hazards, and important ecological sites and in some areas lack of economic 
opportunities. The risk of sea level rise as a result of climate change has placed an ever- increasing 
threat on the Bangladesh coastline and, as such, the policy for the coast is dominated by safety 
demand (Michel & Pandya, 2010). The country also has been rated as the third most vulnerable 
country in the world in terms of number of people affected with respect to sea level rise. By 2025, 
Im  rise in sea level in Bangladesh would submerge a full 18% of the total land area (Minar et al., 
2013)
In order to enhance coastal management guideline and ensure sustainable development o f coastal 
communities without damaging the integrity of the natural environment, the government in 2005, 
formulated a national coastal policy (CZP). The CZP harmonized policies across sectors it 
established processes and mechanisms that commit different governmental and non-governmental 
relevant authorities to coordinate their activities in the coastal zones.
To face the hazards associated with the climate change, the CZP identify the necessitate to 
implement adaptive measures which include continuous management o f sea dikes to protect the 
coastline from sea level rise, floods, cyclones and storm surges. Moreover, the CZP proposed an
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institutional framework for detecting and monitoring sea level rise along with the formulating of 
contingency plans to cope with the resulting impacts.
In 2005, the Ministry of Environment and Forests which is the focal point for the United Nations 
Framework Convention on Climate Change (UNFCCC), formulated a National Adaptation 
Program of action (NAPA) under the guidance of UNFCCC. All governmental and non­
governmental sectors contributed to the action plan's development. The NAPA acknowledged the 
importance of preparing the country to face potential challenges occurring from climate change 
and therefore, indentified the immediate and urgent climate change adaptation needs. In addition, 
the country established the Bangladesh Climate Change Strategy and Action Plan (BCCSAP) in 
2008 to support climate- resilient development in the country based on the Bali Action plan of the 
UNFCCC (Michel & Pandya, 2010). The BCCSAP covers different issues associated to climate 
change such as adaptation to climate change, technology transfer and adequate and timely flow of 
funds for investment within a framework of food, energy, and water and livelihood security.
In general, adaptation to climate change hazards is a familiar habitat practice in Bangladesh; 
however, it is essential to carry out detailed scientific studies to make the people aware o f the 
impending dangers and to develop methods of adaptation (Minar et al, 2013).
3.6.2 Case study of the sea level rise adaptation strategy in Netherlands:
The Netherland is situated between Belgium in the southwest and Germany in the northeast it lies 
on the northern coast of Europe. Its coastline characterised as wave-dominated and has been 
divided into three parts based on differences in morphological appearances and the dominance of 
related physical processes: the Delta coast, the Holland Coast and the Wadden coast. The coastal 
area of the Holland is very important where a lot o f socio-economic functions come together, 65% 
of the Gross National product generated in coastal area and 60% of the population living in low- 
lying areas (EU,2005).
As a result o f its location as a low lying, the Dutch coast is extremely vulnerable to climate change 
hazards such as flooding and the potential risks of sea level rise. The pressure on the coast 
increases because o f the increasing sea level rise and the expected storm intensity. In addition, 
coastal erosion was estimated to occur over 134Km^ of the coastal areas.
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However, a safety standard for all the flood defenses including dunes has been specified by law 
(Delta Act 1957; Flood Defence Act 1996; Water Act 2009) to ensure safety against flooding. The 
government also defines the need to preserve the coastline under the Flood Defense Act 1996 and 
Water Act 2009, because the erosion has destroyed the defenses along the majority of the 
Holland's coast. Therefore, a softer engineering option was introduced whereby structures were 
built that worked with natural depositional processes occurring at the coast.
The parliament in 1990, adopted the policy of the Dutch Government to stop further structural 
recession. The coastal policy referred to as 'Dynamic Preservation' by that the coastal erosion 
management in the country has been translated into ongoing nourishment policy. The policy aims 
to 1) preserve valuable dune areas; 2) prevent further retreat o f the coastline and; 3) preserve the 
natural dynamic character of the coast. At the same year, the Basal Coastline was established by 
the Ministry of Transport, as the position of the coastline and determined that the coastline should 
be prevented from moving inland (EU, 2005).
3.7 Coastal Zone and Climate Change Management in Oman:
3.7.1 General Overview:
As mentioned earlier in chapter two the Sultanate of Oman (Oman) is part of the Arabian Gulf 
countries which are part of the Middle East Countries. The coastal zone of Oman which is already 
3165 Km long fonns one of the main socio-economic centres of the country.
More than 80 % of the population lives in coastal areas which also host about 90 % of the 
industrial in addition to coastal resorts (Census, 2010). However, due to diverse human activities, 
the coastal areas o f many parts have already experience a threat and damage and with the 
increasing concern about climate change impacts on coastal areas worldwide. Therefore, the 
climate change impacts should be taken into consideration and integrated in the coastal zone 
management planning in Oman.
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This part o f the research will discussed in details the overview and background of climate change 
and its impacts in Oman.
The IPCC (2007) classified the Middles East which includes 21 countries as one of the most 
vulnerable regions to climate change impacts, particularly, on account of its water scarcity. The 
region is mostly arid and semi-arid dominated by deserts (IPCC, 2007). According to EPCC 
estimation, this region is projected to experience an increase in the temperature by 2 °C for the 
next 15-20 years and over 4 °C for the end of the century. It has been observed by IPCC climate 
change models that this region are projecting hotter, drier, and less predictable climate, resulting in 
a drop o f water run-off by 20% to 30% by 2050 mainly due to rising temperature and lower 
precipitation (IPCC,2007) figure 15.
Accordingly, the climate change impacts in Arabian Gulf region are already noticed and 
considered seriously, the impact of climate change in this region is accelerating and becoming 
more complex, specifically, for the impacts of sea level rise that will affect coastlines and marine 
ecosystems, it can also cause damage to desalination plants that are source of water for most of the 
Arabian Gulf Countries (Elasha, 2010; Kumetat, 2009).
180=
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Figure 15.3 Seasonal changes of global mean temperature from 1880-1889 to 2040-2049 
(source: Bijlsma, 1997.P:48).
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The coastal systems in the region are already under threat from human activities such as 
development and pollution, the EPCC (2007), classified some parts of the region including Sea of 
Oman (Gulf of Oman) as a coastline under high potential threat by anthropogenic activities such 
as oil exploration and other developments that contributed to adverse physical, chemical and 
ecological environment damage.
Although Oman is considered one of the World's top 10 environmentally committed countries 
where it is already party to regional and international agreements on climate change, biodiversity, 
endangered species, hazardous wastes , desertification and other related issues, yet, still more 
serious threats facing the environment in Oman, particularly climatic associated factors such as 
floods and storms (Inceruh,2009).
3.7.2 Recent Climate change and Geophysical trends In Oman coast:
As mentioned previously, the impacts o f anthropogenic climate change in Oman as a part of 
Arabian Peninsula are already noticeable. Several issues in the coastal zone are influenced by 
climate change including trends in temperature, precipitation, and sea level rise and storm surge 
activity. These factors are discussed individually in this section of the literature review.
3.7.2.1 Temperature and Precipitation trends:
Al Sarmi & Washington (2010) have been conducted a recent study on observed climate change 
over the Arabian Peninsula between (1980-2008), they examined the trends in temperature and 
precipitation parameters during the last 2 to 3 decades for a total o f 21 stations. 17 stations out of 
the 21 were provided from Oman and two o f the 17 stations (Masirah and Salalah) have the 
longest data record of more than 50 years (1943-2008).
The results have shown significant warming during the last 2-3 decades as far as trends o f mean,
maximum and minimum temperatures, diurnal temperature range and precipitation. However, in
regards to mean temperature the highest statistically significant warming trends recorded in Oman
compared with other countries in the region. The results shows a broad statistically significant
warming with increase in mean annual maximum temperature by 0.05 level and the highest mean
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annual trends are observed in two locations of Oman at the value of 0.93 °C and 0.88 / decades
in Sur and Khasab respectively figure 16, whereas, Saiq over the Northern Oman Mountains and 
Masirah over Oman’s east coast have been reported for the lowest statistically significant trends 
by 0.27 °C/ decades (Al Sarnii & Washington ,.2010)
An overall trend of precipitation is drying with decrease of annual total of around 19.1 mm. Thus 
such trend is not significant compared to significant changes in temperature. However, to have a 
comprehensive picture for trend precipitation further analysis of daily rainfall total and the 
mechanisms associated with these events is required. In this aspect, Kumetat (2009) also stressed 
on a decrease in precipitation in the region compared with a projected temperature rise o f 1.8 °C 
by 2040 and 3.6 °C by 2070 will result in even wider areas of the Gulf States unfit for agriculture 
and inhabitable for non-nomad population. Annex 1 represent table 1.3 for the analysis results of 
climate change trends for the Arabian Peninsula for more than 50 years.
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Figure 16.3 Highest significant warming trends found in Oman 1.03 ”C per decades. (Source: 
Al Sarmi& Washington, 2010.)
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3.7.2.2 Sea Level Rise:
A second likely climate change related impact, sea level rise, which could threat and endanger 
building and coastline of many Gulf States including Oman. According to Sowers & weinthal 
(2010) most of Gulf States will be affected by sea level rise in different levels with significant 
populations in low lying areas, Oman exposed to such impacts with less than 5% of population 
affected Figure 17.
It will put further stress on already existing socio-economic and demographic fault lines, increased 
and more dangerous wadi flooding. However, sudden, locally contained floods might still occur 
particularly if oceanic changes lead to more frequent and intensive storms in the coastal region 
(Kumetat, 2009).
However, one question needs to be asked, is whether, the sea level observations in the Omani 
Coast as a part of the northern Indian Ocean in line with the global average?
Wilson (2007) explained that the sea level observations in the northern Indian Ocean has 
been reviewed over the past 40 years, and has been concluded that:
Statistically significant trends obtained for sea-level-rise between 1.06-1.75 mm yr~  ^
by using [tide gauge] records longer than 40 years yielded, with a regional average of 
1.29 mm yr" \  when corrected for global iso-static adjustment (GIA).
Although, the satellite altimetry data for the Sea of Oman suggests a rise of 6 mm over the 
past 10 years (Wilson,2007), however, further verification is required.
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Figure 3.17 The impacts of sea level rise on the Middles East and North Africa Region 
population under different scenarios (source: Sowers & Weinthal,2010,p,15).
3.7.2.3 Tropical Cyclones:
As mentioned earlier, there are two seasons for the cyclone in the northern Indian Ocean (Fritz et 
al, 2010). These oecasionally form in the Arabian Sea at rarely exceed the tropical storm 
intensities and enter the Oman Sea (Dibajnia et al,2009). However, they are becoming more 
frequent due to the effect of the global warming (Kumar, 2009). In June 2007, the most powerful 
cyclone ever to threaten the Arabian Peninsula hit Oman (Figure 18).
It was among the strongest tropical cyclones recorded in the Arabian Sea and named the second 
tropical cyclone of the 2007 north Indian Ocean pre-monsoon cyclone. Sueh cyclones have been 
extremely rare in the region where most of the stonus in this area tend to be small and dissipate 
quickly (Fritz et al, 2010). This cyclone however, resulted in 49 people killed in the country, with 
an additional 27 reported missing and about 20,000 people were affected. The total damaged in the 
country for 2007 estimated at around $4 billion USD (Inceruh,2009).
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Fritz et al (2010) observed the high water marks in the impacted Omani coastline after 2 months 
of Gonu where the elevation o f the water level, wadi and overland flow depth ( depth of the water 
above the ground), inundation distance ( the straight-line distance between the coastline and the 
maximum extent of saltwater intrusion), in addition to coastal erosion and deposition. The results 
compared with the observed results within sea of Oman for the 2004 Indian Ocean tsunami. It has 
been found the cyclone typically flooded several kilometres inland along low lying coastal plains 
due to significantly longer storm surge periods compared to wave periods o f tsunami.
The coast of Oman has been affected by other tropical cyclones over the past two centuries. Based 
on the review o f the extensive summary of cyclonic storm tracks for the periods from 1877 to 
1970 analysed by Indian Metrological Department (Dibajnia et al,2009), the coast of Oman have 
been affected by such events for the following time period: June 1889, June 1890,May 1898 and 
April 1901.
In addition Al Maskari, 2010, reported according to unpublished notes o f Metrology Department 
in Oman the coast of Oman had been affected by several severe cyclones on the following period: 
on 4^  ^ June 1890 with a tropical cyclone which brought 24 h of torrential rain in Muscat and Al 
Batinah regions and resulted in severe flooding and widespread damage to property and a death o f 
727 people. In Salalah (Southern of Oman) three destructive cyclones occurred in May 1959, May 
1963 and November 1966 respectively.
A severe cyclone hit Masirah Island (Eastern o f Oman) in June 1977 with 24h rainfall marked for
430.0 mm, in June 1996 a tropical storms crossed Oman coast near Ras Madraka ( South of 
Masirah Island) and in May 2002, a tropical storm affected Salalah with 58.6 mm rainfall was 
reported.
Figure 19 illustrate the trend of storm surge increases for the Middle East Countries.
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Figure 3.18 Track of super Cyclone Goun with its intensities at different stages (Source: 
Inceruh, 2009.P:3)
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Figure 3.19 Illustrated the increase of storm surge in Middle East and North Africa 
Region in Percentage (Source: El-Raey,2009.P:61).
3.T.2.4 Coastal Erosion:
Erosion in the coastal area of Oman is another big point of concern. Coastal erosion activities
in Oman have been studied by the Ministry of Regional Municipalities and Environment in
the early 1990s (Dobbin, 1992). Accordingly, the study demonstrated that in many areas of
Oman erosion was a natural process and part of the continuing change of the shoreline.
However, in a number of other places, massive and irreversible erosion occurred primarily
because the construction activities have not considered impacts on the shoreline. Dams,
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roads, and harbours are necessary for economic development, but they should be designed to 
minimize coastal erosion (Dobbin, 1992).
The same study and in addition to AL- Hatrushi et al (2005) have concluded that erosion is 
more critical on the Batinah coast where many locations throughout the Batinah coast suffers 
severe erosion as the result from loss of sand supply to the beaches following construction of 
harbours, recharge dams and roads, and that at the some locations the shoreline was retreating 
as much as 0.6 m/year. Figure 20 below shows the most severely eroding shore in AL- 
Batinah which called Widam Village where about up to 4 Km east and 2Km west of the 
constructed harbour is affected by changes to long shore sand transport.
However, Al- Batinah coastal plain supports a significant proportion of Oman's population. 
According to the 2010 census the Batinah Govemorate harbours 27.9 % (772,590) of the total 
population on Oman. Making it the second most density populated Govemorate in Oman, 
after the adjacent Muscat Govemorate with 28.0 % of the total population (Census, 2010). 
Therefore, such indication showed that more than 55% of the Sultanate's population lives in 
the Batinah and the adjacent Muscat, part of which is in the Batinah coastal plain (Atkins, 
2001).
Other region largely affected by coastal erosion is Dhofar coastal area because of large waves 
that arrive with every summer monsoon. Additionally, the extensive development throughout 
the Salalah Plain, including roads, recharge dams and wadi mining have also played their role 
in increasing coastal erosion problem (Dobbin, 1992).
Despite the fact that erosion due to Sea Level Rise can result in several direct and indirect 
impacts, which will vary from place to place Klein& Nicholls (1999) concluded that 
depending upon the location, the process might lead to:
- Coastal flooding, inundation and storm damages;
- Erosion and landward retreat of beaches and bluffs;
Salt water intmsion into aquifers and surface waters;
- Higher water tables; and
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- Wetland loss.
In Oman, a study was completed by Sultan Qaboos University (AL- Hatmshi et al, 2005), 
the study discussed the causes of coastal erosion in A1 Batinah Coast including the link of 
coastal erosion impacts to sea level rise.
The study showed based on geomorphological evidence that, six thousands years ago, sea 
level was 1.5 to 2 m below the current level. On the other hand, evidence has shown that, 
the land mass of Oman is continuously being uplifted at a rate which is faster than the 
projected sea level rise. Consequently, the study concluded, sea level rise does not appear to 
be a major contributor to coastal erosion in Oman.
However, from the viewpoint of coastal erosion hazards in many location worldwide, 
climate changes will influence changes in the position of the coast through interactions 
between the following driers:
The frequency and magnitude of storm surges.
- Long term sea level fluctuations 
Storminess and wave.
- Rainfall patterns and intensity, and their influence on fluvial and cliff sediment 
supply.
Based on growing evidence, there is high confidence that climate change and sea level 
rise will increase risks on the coastal areas including coastal erosion. The effect will be 
exacerbated by increasing human-induced pressures on coastal areas (IPCC, 2007). In 
addition, with the coastal erosion reaching the critical levels in certain areas o f Oman, and 
although the CZM projects was assessed the erosion issues and recommended solutions. 
However, it’s of great important to conduct further studies on sea level rise and their 
hazards on coastal erosion along the coastal areas o f Oman.
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Figure 3.20: Erosion in Widam Village, Image 1 shows the erosion on the eastern side 
of the harbour and Image 2 shows the accretion on the north west side of the Widam 
village (Ref: AL- Hatrushi et al, 2005).
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3.7.2.S Coastal Flooding:
IPCC has identified flash flooding as one o f the most widespread of hydrometeorological 
hazards, and predicts that climate change is likely to cause an increase in flood hazards in 
many areas o f the world (Few.,R et al,2004). Although, major limitations remain in the 
ability to make robust projections of future rates o f climate change and its effects, 
however, increasing predictive evidence o f heightened global risk of inland and coastal 
flooding is emerging. Additionally, Few et al (2004) has stated that over the next 100 
years, flooding is likely to become more common or more intense in many parts of the 
world, especially in low-lying coastal sites and in zones that currently experience high 
rainfall. Marginal changes in the geographical distribution o f flooding are also possible. 
Flash floods also can create hazardous situation for people and cause extensive damage to 
property ( AL-Rawas,2011).
In arid environments, flash floods are common, but their occurrence is also poorly 
understood. In general, flash floods hazards zone in arid regions are frequently 
characterized by infrequent precipitation in the form of intense thunderstorm, steep slop 
topography, thin or no soil layers, outcrops o f parent rock of low porosity and 
permeability, and a lack o f dense vegetation. All this amplifies the flood amplitudes and 
damage and makes the predictions and prevention measures developed in humid countries 
less reliable in specific geographical conditions of Oman ( AL-Rawas,2011).
Oman is one of several countries located in an arid zone that is subject to flash flooding. 
Modem records show that major floods occurred in Oman in 1989,1997,2002,2003, 2005, 
2007 and 2010 (AL-Rawas, 2011). In 1987, the first study on flash floods conducted in 
Oman by the Council of Environmental Protection and Water Resources followed by 
another study in 1992. This study was on a flood risk mapping for Muscat Govemorate 
showing low (yellow), medium (blue) and high (red) risk zones. Figure 21 below shows 
for example the flooding zones for Qurm area in Muscat Govemorate.
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However, since then, no updates have been made in accordance with the change in 
urbanization and fast rate development in Oman (AL-Rawas& Valeo, 2007).
M IN I S T R Y  O F  W A T E R  R E S O U R C E S  
F L O O D  S T U D Y  P R O G R A M M E
Figure 3.21 Current Flash flood zones Map, the red colour representing the most 
vulnerable and risk zone with flooding (Reference MRMWR).
Furthermore, literature review shows a direct relationship between the urban growth and 
the increase in water runoff. This could be more significant in Oman due to the lack of 
sewer and storm drainage system in Muscat area. In this context, few reports and studies 
have been conducted in Oman, particularly, with the rapid growth of population, industry, 
tourism, insufficient information about flash floods hazards zones, studying flash floods 
has become very essential and inevitable.
The current maps for flooding in Oman are technically old fashioned ( made manually), 
they are too general and lack detail not include any information on the amount of rainfall 
and flow which leads to flash floods and to not include the extent of the area that could be 
affected by these floods for different return periods. This kind of accurate information is 
very significant for many purposes such as mitigation measures, dam design and 
development planning (Al-Rawas, 2011).
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Therefore, researchers from Sultan Qaboos University (SQU) have taken a 
comprehensive GIS- based supported modeling of flash floods for several wadis in Oman. 
The GIS is specifically used to assess and delineate high potential wadis prone to flash 
floods. This study will improve flash floods prediction by providing new knowledge and 
tools for arid regions and specifically to Oman (Rawas& Valeo, 2007).
Based on a 21 year historical record of wadi flow, the (SQU) study shows, based on GIS 
modelling, that there are large differences between the values provided by the model and 
those used by the Ministry of Regional Municipalities & Water Resources. The study 
explained such differences due to absence o f validation data and lack of detailed rainfall 
data, soil and cross sectional information for the wadis in Oman. Therefore, the study 
concluded that, it is very important to have a national database for all information related 
to flash floods studies. In addition, the increasing numbers of gauging sites will without 
doubt improve the prediction o f wadi flow.
3.8 Coastal Zone and Climate Change Management in Oman:
Huang (1997) pointed out that the coastal zone management subgroups of IPCC urgently 
recommended all nations worldwide to develop and implement coastal zone management 
plans that use the latest knowledge and technologies to reduce climate change vulnerability 
and take adaptive measures for anticipated such impacts.
As the literature review has highlighted that the coastal areas o f Oman are currently impacted 
as result o f the different climate change drivers and will be affected by future climatic change 
hazards. Although Oman has developed a coastal zone management plans since mid 80's (e.g. 
natural resources management plans which encompass the various sectors impacting the 
coastal zones), however, until recently it is argued that the climate changes are not fully 
included in such management, therefore, many efforts should be a top priority for 
governmental agencies charged with land use planning and natural resource management.
As mentioned earlier in this chapter, the CZM plan covers activities such as policy-making, 
enforcement, boundary definition, zoning, monitoring, development of guidelines/ policies 
and appropriate control measures, incentives and disincentives. It designs a framework that
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will incorporate all the aspects examined previously in this report. Specific management 
mechanisms are discussed in the following section.
However, Oman coastal zone management plans are based on a shared responsibility for 
management and administration o f the coastal zone among concerned authorities. Thus, 
reduce the requirements for huge conservation areas and a large management force. Since the 
development of CZM plans, 13 out of 18 proclaimed protected areas in Oman are marine 
protected areas.
A Ministerial Decision (MD) No. 20/90 has been issued on rules regulation and specifying 
coastal setback in Oman, particularly to reduce the problem associated with coastal erosion. 
Article 2 of the MD stated that The Ministry of Housing shall undertake coastal setbacks 
specification in each area in coordination with the Ministry of Environment and the Ministry 
o f Commerce and Industry and in accordance with the planning studies of regions, towns and 
villages and their different levels, whether regional, structural or local'. In addition the MD 
defined the setback limits for the open and settlements coastal areas and stated that no 
projects can be constructed along the coastal areas without getting the appropriate approval 
for the setback from the concerned authorities.
For the CZM plans implementation also the Ministry of Environment and Climate Affairs has 
developed a guideline for Environmental Impact Assessments (EIA) for all projects including 
those on the coastal areas to guarantee the conservation of those areas and reduce any impacts 
on the natural resources. In addition, Oman has issued two Royal Decrees (RD) on the 
conservation of the Environment (RD 114/2001) and Conservation on natural resources and 
wildlife (6/2003).
However, climate change issues have recently added to the EIA studies it is a requirement for 
all projects to submit a full EIA on climate change impacts and necessary mitigation and 
adaptation measures that will be applied to reduce the hazards of climate change impacts on 
the projects.
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As stated previously, it can be noted that many of the studies conducted on coastal zone and 
climate change in Oman have been primarily focused on meteorological issues, greatly after 
the occurrence of Cyclone Gonu in 2007.
The coastal zone management planning according to IPCC (2007) is considered as an 
essential tool that should include assessments of the potential impacts of climate changes. 
These plans should also provide a framework to balance resource allocation decisions and the 
most significant aspects for such planning is the institutionalization of mechanisms for shared 
management responsibility between government and communities which will foster 
stakeholder participation in the decision making processes.
IPCC (2007) highlighted that the climate change is already happening and will continue to 
happen even if global greenhouse gases are reduced significantly in the short and long terms. 
For that reason, immediate actions should be taken in Oman to strength coping and 
adaptation capacity and to reduce the vulnerability of sensitive areas and ecosystems to 
climate changes. A number of adaptation options also have to be identified under national 
developments.
Notwithstanding, during cyclone Gonu many actions have been applied and achieved which 
could be considered as a base to strength the coastal zone management planning in Oman for 
effective dealing with current and future climatic factors.
Fritz et al, 2009 has concluded, although, a high resolution storm surge model has been used 
to estimate Goun's storm surge, still future work o f storm surge and storm modelling to reveal 
the relative importance of storms surge and storm wave to the coastal vulnerability are 
required as top priority. In addition, multihazards perspectives such as climate changes 
should be taken into consideration when planning land use and protection measures along the 
coastline of Oman. A particular attention must be rising for public awareness.
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3.9 Conclusion:
In this chapter it was clearly argued that climate change has emerged as a long-term 
environmental challenge of global significance. The (IPCC) concluded that, in the 20th 
century, average planetary surface temperatures increased O.60 (+/- 0.2oC). This apparently 
small change in average temperature may not appear to be significant -  but its projected 
impacts are of serious concern, including greater variation and frequency of extreme weather 
events, such as floods, droughts and hurricanes. We have also pointed out that the climate 
change as a result o f human activities mainly increase concentrations of greenhouse gases is 
no longer a hypothesis, the clear evidence which analysed and discussed in IPCC third and 
fourth assessment reports indicates global warming over past decades.
As far as coastal areas are concerned against hazards from climatic change, it was obvious 
from the scientific evidence; all coastal areas around the world are at risk from global sea 
level rise, projected to reach a vertical average of 0.09 m to 0.88 m by 2100. The current 
levels of (GHG) in the atmosphere are so high that in the short term even immediate 
reductions in emissions will not be rapid enough to reverse the observed changes in climate. 
Although, countries worldwide may differ in specifics, there are common trends that are 
stressing their coastal areas and making them more vulnerable to degradation from climatic 
impacts.
Moreover, while it is recognized that the countries will be severely affected as a whole by 
climate change hazards specially the increased of sea-level rise, adaptive or mitigation 
measures must take into account specific factors related to each impacted regions. Thus, a 
need was felt to conduct case studies targeting in particular coastal areas that have attracted 
human settlements where, in most cases, there are underlying economic and social factors.
Therefore, it is understood that rather than exploiting the coastal resources they must be 
managed for sustainable development. The natural framework is the development o f ICZM to 
help solving present problems as well as accommodating those induced by climate change. 
For new development areas the precautionary approach will be preferred. Regulatory 
measures and a set of guidelines shall be developed that allows in particular a free migration
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of coastal ecosystems. Adaptive measures are required to mitigate the impacts of climate 
change in coastal areas.
This chapter also discusses the concept of vulnerability as it has been characterized in the 
climate change literature and presents a multiscaled, integrated framework for assessing 
vulnerabilities and adaptive capacity. Local and traditional knowledge is key to research 
design and implementation and allows for locally relevant outcomes that could aid in more 
effective decision making, planning and management in remote coastal regions. As such, this 
integrated vulnerability approach contrasts typical coastal impact assessments that focus 
largely on reducing the economic detriments of change. As part o f a larger study, this 
approach will be refined with local input from communities and regional institutions and 
applied to study sea-level rise hazards and adaptations on most sensitive coastlines.
Undoubtedly, Oman is not an exceptional to the world; it is highly influenced by global 
climate changes, according to IPCC models such areas will be severally impacted by higher 
temperature, low precipitation, sea level rise, and more frequent and intense extreme weather 
events.
To counter the impacts o f coastal areas to climate changes, we have highlighted the review of 
studies and research that have already done to realise the weakness in this issues particularly 
in Oman. Although, Oman had developed ICZM since 1984, however, the country should 
assess the trends for global climate vulnerabilities and identify the adaptive means for 
countering the projected impacts, thus, it will be possible to develop strategic plans within the 
coastal zone management planning to reduce coastal vulnerability to climate changes.
Consequently, the country can evaluate their existing capacity for implementing such plans, 
and identify capacity and information gaps in the planning.
Ultimately, this research aspires to answers a set of questions to investigate the current 
framework of Coastal Zone Management planning in dealing with Climate Change in Oman 
in terms of potential impacts of climate change in the short and long term, focusing on an 
assessment of coastal vulnerability, resilience and adaptation. The main aim, therefore, is to 
determine how coastal systems and communities would and could respond and adapt to 
climate change, particularly, how these responses may be assessed as a part of coastal zone
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management planning at the same time how CZM planning will increase the need for a more 
sophisticated and detailed assessment o f the implications of climate change.
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Chapter Four 
The Research Methodology
4.1 Introduction:
This chapter describes and explains in details the research methodology adopted in 
fulfilling the objectives set at the start o f the study. The chapter is divided into two 
main sections. Section one gives the research question and objectives, followed by a 
brief introduction to epistemology and the differences between qualitative and 
quantitative research designs. In addition, the hypothetico-deductive method and 
formulation of the hypothesis are presented.
Section two describes the research design based on the research question(s) and 
involves the theoretical framework for this study. Then sampling design and size, 
data collection method and data analysis plan are also discussed.
Walliman (2006) pointed out, in conducting a research the method has a vital role as 
the practical means in order to carry out research and give them a meaning and 
purpose, in addition, the method illustrates the data in order to discover relationships 
among events to explain, describe, predict and control their occurrence. Furthermore, 
(Denscombe, 2003) shows that one o f the main purposes of the research method is to 
develop well practice and enhance existing performance.
On the other hand Corbetta (2003) has showed that for scientific activity research 
methods are core process where they constitute an important part of scientific 
curricula and provide a means through which intellectual development and 
understanding of phenomena are enhanced.
For more organised methodology, Walliman, 2006.p5 identified a series o f stages for 
action research, which are interrelated and are sometimes revisited in an iterative 
fashion during a project. Figure 1 illustrates a simple research process.
However, for this study, in order to derive appropriate remedies for research 
problem, researcher is expected to employ suitable methodologies. According to
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Muijs (2004, p.3) it is important to use the right data analysis tools, it is even more 
important to use the right research design and data collection.
As a preliminary stage, after identification of the problem and before deciding on the 
methods which will be used, the aims and objectives of the research had to be clearly 
determined and the value of adopting one or more research methodologies had to be 
assessed. In general the methodology selected for any research project must be 
appropriate to the goals of the research and for answering the questions.
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Figure 4.1: Research process (ref: (Walliman,2006.p6 )
4.2: Main Research Question:
Gray (2009) recognizes the first stage in the research process as being a clear 
identification and formulation of the problem. The research question fonns the basis 
of the research and the core o f what the research is seeking to find. Moreover, they 
help in finding the suitable methodology to undertake the research.
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As has been discussed earlier in chapter three, a review of the literature has identified 
the main impacts that climate change is likely to have on Oman’s coastal zone, 
namely biodiversity loss, sea level rise and cyclones, which affect coastal zones via 
flooding, storm surges and wind damage. Although, the climate change impacts on 
coastal zone have been extensively studied world wide, limited studies exists about 
these impacts in Oman. Therefore, in this research the main question to be answered 
is ‘How effective is the current Coastal Zone Management Planning (CZMP) in 
dealing with climate change impacts in Oman including short and long term 
time scales (1970-2050)?’
Tremendous population growth along the coastline o f Oman, in combination with its 
climate conditions particularly after recent experienced two destructive cyclones in a 
period o f three years (2007 & 2010) has called for a detailed assessment of the 
possible impact o f expected climate change. Therefore, the main aim of this research 
is to investigate how Oman’s coastal systems and communities could respond and 
adapt to climate change consequences for at both current and future time scales, and 
how these responses may be assessed as a part of coastal zone management planning 
(CZMP).
The consequences for policy and CZMP will then increase the need for more 
sophisticated and detailed assessment o f the implications o f climate change.
This research also provides the context for coastal vulnerability and adaptation 
assessment, by giving an overview of current stresses in coastal zones, as well as the 
possible present-day and future effects of climate change on coastal sustainability.
4.3: The main objectives of this research are as follows:
As can been seen from chapter three the literature review, in the light of recent 
studies on climate change, the potential consequences of climate change are not yet 
being comprehensively considered in Oman by coastal management agencies. In 
view of the anticipated impacts of climate change (including sea level rise, flooding, 
extreme events and cyclones) and the continuing pressure for expansion and 
development in areas of risk, the government urgently need to prepare and maintain
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coastal hazards and risk management plans. The growing incidence of current and 
anticipated future risk needs to be communicated to decision makers to inform 
sustainable coastal zone management plans and decisions. These findings have been 
the main motivation behind this research, which aims to increase understanding of 
CZMP in dealing with climate change impacts.
Therefore, this research is based on the following objectives:
The study first identifies the major climate change related problems (increased 
floods, coastal cyclones and storms and sea level rise) for present days, in addition to 
gain as much understanding as possible regarding the exact nature and extent of 
possible risks related to future climate impacts in coastal areas.
Secondly, the study aims to understand the biophysical and socio-economic effects 
of climate change and how they affect the country by focusing on the vulnerability to 
present-day and future climate extremes such as cyclones in order to provide a useful 
insight into the adaptive capacity of the country.
Finally, this study illustrates how dealing with climate change could be incorporated 
in ongoing initiatives through analyzing development projects that may be sensitive 
to impacts o f climate change and through proposing adaptation measures. By that, 
the study will looks at the strategic implications o f climate change for policy makers 
and the strategic implications o f climate change for policy makers and the strategic 
direction that policy makers could take. Therefore, the study will provide a direction 
on how the potential effects of climate change and adaptation options can be factored 
into policy making.
Hazard response and adaptation strategies need to be established to allow preparation 
for future consequences. Such long-term responses and strategies should be merging 
with existing short-term plans in order to create an effective and integrated coastal 
zone management programme.
4.4: Research Question(s):
Chapter 1 the introduction & overview has already presented the research question(s) 
in details. However, this section shows the main research question and the three sub­
questions to describe later the appropriate methods to collect data for each question.
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Section 4.8 then outlines the framework and methods that will be used in the study in 
order to collect and analyse the data required to determine the effectiveness o f CZMP 
in dealing with current and future climate change impacts in Oman.
In order to answer the main mentioned research question and to meet the 
aforementioned aims and objectives, the following questions will be investigated and 
explored:
Q l. What are the (a) past and current climate change impacts (1970-1990; 1990- 
2011) (b) future expected impacts (up to 2050) on the natural environment in 
Oman’s coastal zone?
Q2. What are the effects of (above) climate change impacts on Oman’s important 
socio-economic sectors?
• Infrastructure / transport (current / future)
• Settlements (current / future)
• Industry sectors (current / future)
> Tourism
> Industrial; and
> Agriculture & fisheries
Q3. How effective are current planning strategies for managing climate change 
impacts (on ecosystems and human systems) in Oman’s coastal zones?
c. Conceptually / theoretically (critical assessment of the theory)
d. Practical application and implementation (how the system may or may not 
work in practice)
The main sub-objectives of these questions are:
1- Analyse the current governmental strategy framework for mitigation, adaptation 
and disaster preparedness plans (policy, legislations, risk assessment, awareness 
and early warning).
2- Assess how coastal developments (economy, tourism, fisheries and agricultural) 
respond and adapt to climate change impacts (how they are able to cope, cost to 
restore damage, design level; etc.)
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3- Assess how perceived risk may determine where people settle, how prepared 
they are and how they would behave in case of emergency. What kinds of risks 
are deemed acceptable (Public awareness).
4- Determine what the future plans and strategies are on a long-term scale for 
dealing with climate change consequences along the coastal zone?
4.5: Epistemology:
Epistemology refers to the philosophical theory of knowledge, consisting o f attempts 
to answer questions about how to find better ways of obtaining beliefs and criticizing 
beliefs people have already formed (Morton, 2003).
Research methodology can be broadly divided into quantitative and quantitative 
approaches (Corbetta, 2003). In quantitative approach, the researcher seeks to 
analyse data which is presented in numerical form. On the other hand, a qualitative 
approach does not involve counting or dealing with numbers, but based more on 
information expressed in words, descriptions, accounts, opinion and feelings 
(Bechhofer, Paterson 2000). Moreover, quantitative research methodology is suitable 
where quantifiable measures of variables of interest are feasible, where the 
hypotheses can be formulated and tested and interferences drawn from samples to the 
wider population. In contrast, qualitative research is appropriate when the 
phenomenon under the study is complex and social in natures that do not lend them 
quantification (Liebscher, 1998; cited in Fierro, 2004).
Glenn (2010) goes deeper than just considering the way data are presented. He 
identifies the differences between qualitative and quantitative research as follows:
Firstly, the qualitative research is largely exploratory which means hypothesis- 
generating; while quantitative research is focused on testing hypothesis. Secondly; 
qualitative research is more speaks to content validity (i.e. measure what a researcher 
think they measure. Unlike quantitative research, which leads to measurement or 
other kinds of analysis involving applied mathematics, qualitative data cannot always 
be put into context that can be graphed or displayed as mathematical term.
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Besides, the qualitative data may be used to generate additional variables to be 
included and maybe useful to explain puzzling quantitative results. Qualitative data 
is also useful in policy and evaluation research, where understanding why and how 
certain outcomes were achieved is as important as establish what those outcomes 
were.
For the validity and discipline o f qualitative research which is suspected due to the 
reality o f its subjective (Fierro, 2004). Green and Britten (1998) argued that 
qualitative research results give careful accounts of treatment regimens in everyday 
circumstances. As a result Interviewing in qualitative research is considered as a 
flexible and powerful tool. It helps researchers to investigate research questions of 
immediate relevance to their work (Britten, 1995).
In general, in a quantitative study the values of the researchers are kept out of the 
research. In contrast, in a qualitative study the researchers admit their values and 
biases. The methodology in quantitative research uses deductive from of logic where 
the theories and hypothesise are chosen. Conversely, in qualitative study the 
methodology uses inductive logic (Creswell, 1994).
Additionally, (Piergiorgio Corbetta, Translated From the Italian By Bernard Patrick. 
2003 .p37) has produced a table shows the differences between quantitative and 
qualitative research methodologies from different aspects including research 
planning, data collection, data analysis and production of results.
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Table 1.4 Comparison between quantitative and qualitative research
Research iilannm
Theory-research relationship
Data collection
Research design
Representativeness
Recording instrument
Nature o f the data
a Data analysis]
O ly e c ^ f  the analysis
Aim of die analysis
Quantitative research qualitative research
Function o f the literature
Concepts
Relationship with the 
environment
Psychological researcher- 
subject interaction
Physical researcher-subject 
interaction
Role of subject studied
Structured; logically sequential phases. Open , interactive 
Deduction (theory precedes Induction (theory emerges 
observation)
Fundamental in defining theory and Auxiliary 
hypotheses
from observation
Operationalized
Manipulative approach
Neutral , detached 
observation
Distance, detachment 
Passive
Structured , closed , precedes research
Orientative , open ,under 
construction 
Naturalistic approach
scientific Empathetic identification 
with the perspective of the 
subject studied 
Proxim ity, contact
Active
Statistically representative sample
Unstructured ,open , 
constructed in the course of 
research
Single cases not statistically 
representative
Standardized for all subjects. Varies according to 
Objective: data-matrix subjects’interests. Tends not
to be standardized 
“Soft” rich and deep (depth 
vs. superficiality)
“Hard” objective and standardized 
(objectivity vs. subjectivity)
The individual (analysis by 
subjects)
Production of results
The variable (analysis by variables 
impersonal)
Explain variation (‘variance’) in Understand the subjects 
variables 
Used intensely
Tables (relationship Perspective)
Not used
Extracts from interviews 
and texts (narrative 
perspective)
Generalizations Correlations. Causal models. Laws. Classifications and
typologies. Ideal types.
Scope of results
Logic o f causation 
Generalizability
Logic o f classification 
Specificity
Ref: (Piergiorgio Corbetta, Translated From The Italian By Bernard Patrick. 2003. p37)
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4.6: Research Design:
4.6.1 Type of Investigation:
Gray (2009) recognizes a research design as an overarching plan for the collection, 
measurements and analysis o f data. It tends, therefore, to describe the purpose of the 
study and the kinds of questions being addressed, the techniques to be used for 
collecting data, approaches to selecting samples and how the data are going to be 
analysed.
From the literature review, clearly it can be seen the shortage of secondary data on 
coastal zone management planning and climate change impacts in Oman, and in 
order to gain a clear understanding of such impacts on coastal zone, diverse data 
needed to be collected using a mixture of qualitative and quantitative methods where 
one type of data will be collected and analyzed prior to a second data collection.
The mixed method research, in recent times, has been increasingly agreed as the third 
major research approaches after the quantitative and qualitative approaches (Gray, 
2009). It describes as a tool for collecting and analysing both qualitative and 
quantitative data in a single study in which the data are collected concurrently or 
sequentially are given a priority and involve the integration o f data at one or more 
stages in process of research (Gray, 2009).
Using the multiple methods will simultaneously generalize from a sample population 
and to gain a richer, contextual understanding of the phenomenon being reached. 
While quantitative research will allows to identify relationships between variables 
and to make generalizations. The qualitative research, on the other hand, is more 
appropriate because it is capable of analysing concrete cases in their "temporal and 
local particular" and starting from people's expression and actions embedded within a 
local context (Gray, 2009).
In general, this study will utilised both quantitative and qualitative approaches and 
uses more than one method to collect data. In this research the finding o f the 
quantitative study will be used to develop the qualitative stage. By that, the 
quantitative survey will be used to identify vulnerability assessment to climate
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change by calculating the coastal vulnerability index and develop sea level rise 
scenarios. Interviews and case studies will be used as qualitative methods.
The combining of both approaches can be used to triangulate data and overcome the, 
weakens, biases and limitation of using just one of them.
Furthermore, Yin (1994, p92) stated that ‘any finding or conclusion in a case study is 
likely to be much more convincing and accurate if it based on several different 
sources of information’. Mixed method or using more than one method of data 
collection in the study is underpinned by the principle of ‘Triangulation’ the 
employment of more than one source of data to the study which aiming to enhance 
confidence in finding (Miller et al, 2010).
However, triangulation is particularly suitable for this study because of the nature of 
the problem under investigation. In this study, the quantitative data will be adopted 
first to assess the vulnerability of coastal areas to climatic hazards particularly the 
impacts o f sea level rise on different coastal areas, such data will be then used to 
follow up qualitative interviews to gain an in-depth understanding o f how effective is 
the current coastal zone management planning in dealing with climate change 
impacts (Gray, 2009).
In general, once the data collecting methods have been selected, the sampling 
procedure will be put in place and the number o f individuals that will be needed to 
provide the best needed information will be carefully determined.
So far, Oman is considered as a small country; therefore, the number of individuals 
that will be selected to participate in the research methods will be smaller. The Key 
idea of such selection is to provide detailed views o f the research.
Quantitative research designs are either descriptive (subjects usually measured once) 
or experimental (subjects measured before and after a treatment). A descriptive study 
only finds relationships between variables (Hopkins, 2000). Descriptive designs are 
designed to gain more information about a particular characteristic within a particular 
field of study. There is no manipulation of variables and no attempt to establish 
causality (Neill, 2003). Quantitative data in terms of frequencies mean and standard 
deviations become essential for descriptive studies (Sekaran, 2003).
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According to the literature survey, the dependent variable is coastal zone 
management planning, and the independent variables are possible climate change 
impacts, coastal vulnerability, and adaptation measures. Figure 2 illustrates the 
theoretical framework for this study.
Theoretical Framework:
Dependent variable Independent variables
Adaptation
measures
Coastal
Vulnerability
Climate Change 
Impacts
Coastal zone 
management 
planning
Figure 2.4 Schematic Diagrams for the Theoretical Framework
4.6.2: Data Collection Method:
Data can be obtained through primary and secondary sources (Walliman, 2006). In 
this research, primary data will be collected through a personally administered 
interviews and case studies. Figure 3 shows the research methodology.
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Interview
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3- How dealing with climate 
change could be incorporated in 
ongoing initiatives
Figure 3.4 The Research Methodology
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4.7: Secondary Data Collection (Search strategy):
According to Sekaran (2003: 63) a literature survey is “the documentation o f a 
comprehensive review of the published and unpublished work from secondary 
sources of data in the areas o f specific interest to the researcher”. The use of 
secondary data is required as a background for the study. Blaxter et al (2001) also 
illustrate the main advantage of using this kind o f data, where it has not been 
produced for the specific purposes o f social research; for that reason, it can be basis 
of a form of unobtrusive inquiry.
In this study the literature review were obtained through a search in books, journals, 
previous dissertations and using the electronic e-joumals and databases of the 
University of Surrey library i.e. Medline, EBSCO and Science Direct. Other 
electronic search engines also used such T Google, scholar ’. The search terms used 
were: coastal zone management and climate change impacts, mitigation and 
adaptation measures were restricted to those mainly involving factors affecting 
coastal areas and theories. The search terms were elaborated by adding risks and 
vulnerability on coastal areas and strategic programmes.
4.8: Primary Data Collection:
The Primary data in this research were collected using both quantatitive and 
qualitative Survey. Both methods will be discussed in detail in the following section.
4.8.1: Collecting and analysing data for Coastal Vulnerability assessment:
4.8.1.1 Sea Level Rise Scenarios:
As has been mentioned earlier in chapter 3 the literature review vulnerability
assessment to climate change impacts recognized as not homogeneous distributed.
Some regions are more exposed than others; others could be more or less sensitive or
have a high or low adaptive capacity (IPCC, 2007a; Klein, 2002). This is a top down
approach which helps determining vulnerability hotspots areas, where according to
the climate scenarios the effects of climate change can have major impacts. Once the
hotspots are known a gateway to engage with stakeholders is created. This is a first
in order to enhance adaptation measures and act as guidance for coastal mangers and
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policy makers to improve their understanding on where along the coastline the 
impacts of climate change drivers will be most keenly felt (Nicholls et al, 2007).
From the primary data and literature review, coastal areas in Oman seem particularly 
vulnerable to climate change impacts as they are exposed and experienced previously 
to storms and cyclones events in addition to the affects of sea level rise.
This vulnerability is exacerbated by the accumulation of multiple stressors and 
increasing manmade pressures such as rising population and developments (Nicholls,
2007).
Furthermore, as has been discussed earlier in the literature review in chapter three, 
although some studies have been conducted so far to assess the climatic impacts 
caused by storm surges and cyclones in Oman, however, there is no major national 
plan to assess vulnerability to impacts o f Sea Level Rise (SLR) on coastal areas in 
Oman. Actually, the hazard is frequently considered minimum. This is mainly due to 
the lack of relevant studies and to a very limited public awareness on SLR impact 
potential.
Therefore, the assessment of this research will addresses the impact o f sea level rise 
(SLR) and procedures followed to build up the SLR scenarios and to assess the 
vulnerability o f the coastal areas of Oman using Geographical Information System 
(GIS) integrated with coastal vulnerability index (CVI) calculation. By calculating 
the CVI, most vulnerable sectors will be identified, moreover, regions and resources 
and assesses the degree o f future risk posed by SLR will be recognised in order to 
enhance the national capacity and adaptation assessment to address the possibility of 
accelerated sea level rise.
In order for this to be done, a Sea Level Rise Model will be developed in a GIS 
framework in cooperation with professional GIS technicians from Sultan Qaboos 
University in Oman based on two parameters: topography in relation to the mean sea 
level. The model inputs a Digital Elevation Model (DEM) with a spatial resolution of 
40m and a precise database of the benchmarks o f the coastal line (Charabi et al 
,2010).
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The database related to the coastal line will be obtained from the Oman National 
Hydrographic Office. All the grid cells that would be inundated based on a user- 
defined increment (e.g. 0.5m) will be identified for the entire Omani coastal line. 
Basic statistics will be computed for model results to determine total land are 
inundated at intervals of 0.2 m, 0.5m, Im, 2m, 3m, 4m and 5m.
The obtained model results are overplayed with land use datasets in order to estimate 
the risk among all land use categories. However, the coastal line o f the govemorate 
o f Dhofar (south part of Oman) was excluded from the estimation of the risk due to 
the lack of appropriate land use datasets.
In general, the GIS application provides a set of SLR maps, displaying the effects of 
SLR on coastal areas. These maps are based on a DEM of the case study areas and a 
range o f global and regional sea levels. Areas that might be submerged by SLR will 
be determined straightforward. The land use data is overlayed on the reclassified 
DEM. The resulted data will be predict the consequences of the possible rise in sea 
level at different scenarios over the next 100 years due to global warming, which 
may alter the land use and patterns of human communities.
In addition to above method for developing SLR scenarios, the Regional Climate 
Model (RCM) is ideal for modelling the future climate in Oman at a regional scale. 
This will be used in addition to the six families of the Special Report on Emission 
Scenarios (SRES), which is discussed in the IPCC Third Assessment Report (TAR) 
and 4AR. The six families (AIFI, A IB, A IT, A2, B1 and B2) will force the 
modelling of the fiiture climate change in association with Sultan Qaboos University 
in Oman.
Given the very technical nature o f GIS and data management, access to the necessary 
data is very important. The GIS processing will be demanded by the concerned 
authorities and GIS specialists in Oman include (Sultan Qaboos University and 
Ministry of Environment and Climate Affairs). It is fortunate that access to GIS data 
is possible through my place of work, and this includes the generation of maps and 
other data output to the request of the researcher, so that the research can focus on 
interpreting these results. Annex 2 summarizes the most important methods to collect 
data, provide information for assessment of coastal vulnerability to climate change 
using GIS tools.
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4.8.1.2 Coastal Vulnerability Index calculation (CVI):
In this section, the analysis o f the coastal vulnerability index calculation (CVI) is 
briefly presented. As has been stated previously, due to the limitations o f relevant 
data for the research, moreover, it is difficult to assess vulnerability as a potential 
state due to interacting on different scales and to the variety of determinants acting. 
Therefore, serious attempts will make in order to construct an appropriate approach 
to calculate the coastal vulnerability index to climate change that best represent the 
complex underlying processes.
As mentioned earlier in chapter three the literature review, the CVI calculation have 
been evolved world-wide over the last 10 years or so to build on existing case study 
based approaches primarily developed with regard to biophysical vulnerability 
(Vincent, 2004).
The method of CVI calculation can simplify a number o f complex and interacting 
parameters that represented by diverse data types to a form that is more readily 
understood and therefore has a great utility as a management tool (Mclaughlin and 
Cooper,2011).
The CVI in this research will be calculated based on Gomitz (1994) method as the 
square root of the product of six variables, ranked from 1 to 5according to table 2 , 
and divided by their total number (equation 1):
a - b - c - d - e - fC V I  =
Where,
a: geomorphology, b: coastal slope, c: rate o f relative sea-level rise, d: rate of 
shoreline erosion / accretion, e: mean tide range, and f: mean significant wave height.
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Table 2.4 Ranges for vulnerability ranking of the six variables which 
will be used in equation 1 above (Thieler and Hammar-Klose, 1999).
Very low low Moderate High Very high
Variable 1 2 3 4 5
Geomorphology
Rocky,
cliffed
coasts
Medium
cliffs
Low cliffs
Cobble
beaches.
Estuary
Barrier
beaches.
Sand
beaches
Coastal Slope 
(%)
>0.115
0 .1 1 5 -
0.055
0.0055 -  
0.035
0.035 - 
0.022
<0.022
Relative Sea 
Level Change 
(mm/yr)
< L 8 1 .8 -2 .5 2 ,5 -3 .0 3 .0 -3 .4 >3.4
Shoreline 
erosion/ accretion 
(m/yr)
> 2 0
Accretion
1.0 2.0
Accretion
- 1.0 - + 1.0 
Stable
- 1.1 - 2.0  
erosion
<-2.0
erosion
Mean tide range 
(m) >6.0
4 .1 -6 .0 2 .0 -4 .0 1 .0 -1 .9 < 1.0
Mean wave 
height (m) <0.55
0.55 -0.85 0 .85 -1 .0 5 1 .05-1 .25 >1.25
For the calculation of the CVI for the entire coastal area o f Oman, data will be 
collected from different sources and complied into GIS database. The 
geomorphological variables will be collected from detailed geomorphological map 
(at a scale of 1/10,000) carried out on 1986, in the framework of coastal zone 
management plans and Oman comprehensive national coastal erosion prevention 
strategy and action plan, for Ministry o f Regional Municipalities and Environment 
(previously).
Additionally, geological formations along the shoreline will be identified using 
geological maps of the Ministry of Commerce and Industry at the scale o f 1/100,000. 
The slope of the coastal zone will be calculated using the Digital Elevation Model 
(DEM) of Oman with 4 m contour interval (1 m for the low lying coastal plains) 
obtained from the National Authority Survey.
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In order to estimate the gradient of the sub-aerial coastal zone the slope of each grid 
cell with 40X40 m size will be calculated by defining elevation extremes.
For the sea level change, the researcher will considered only the changes due to 
eustatism component, since there is no historical record of variable in Oman. For 
shoreline erosion or accretion rate will be derived from previous studies. The mean 
annual values o f significant wave height and tidal Datum will be obtained from the 
Oman National Hydrographic Office. Since 1990, Chart Datum has been established 
at over 40 sites along Oman’s coast from observations conducted by, or under the 
supervision of, the Royal Navy of Oman's Hydrographic Department (Oman 
National Hydrographic Office, 2012).
Each variable for each coastal segment will be ranked from 1 (very low) to 5 (very 
high vulnerability), according to the values provided by Thieler and Hammar-Klose, 
(1999) and presented in Table 2 above. Subsequently the CVI value for each coastal 
segment will be calculated using equation 1. Therefore, a preliminary assessment of 
the vulnerability of coastal areas of Oman to climate change impacts will be 
identified for the decision makers and such identification will be useful for coastal 
management and could find immediate application to many strategies regarding 
coastal development in both short and long term time scales.
In general, Sullivan & Meigh (2005) revealed that vulnerability concept represents a 
set of conditions and processes resulting from social, physical, economical and 
environmental factors which increase the susceptibility of a community to the impact 
o f hazardous. Therefore, there is a need for the standardisation of data collection and 
storage in order to develop an accurate, reliable and politically neutral vulnerability 
assessment. In this case, a composite index approach will be proposed, which will 
incorporate indictors which represent the diverse dimension of what makes a 
population vulnerable. At global level, the use o f indictors has been indentified as 
essential attempts to understand the complexities associated with environmental 
monitoring and management (Sullivan & Meigh 2005).
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Due to the strategic location o f Oman on both Sea of Oman and Arabian seas, the 
study areas of vulnerability assessment will include the major vulnerable coastal 
areas to climate change and particularly to sea level rise along the coastline of Oman 
with the exception of the Dhofar Govemorate due to lack of information as 
illustrated in map 1 below.
Geographical Information System (GIS) is a computer system for capturing, storing, 
checking and displayed data related to positions on Earth surfaces, where it can give 
emergency official wealth of information for assessment, analyse and monitor of 
natural disasters such as sea level rise damage (Azaz, 2010). GIS can show many 
different kinds of data on one map; therefore, people will be easily able see, analyse 
and understand patterns and relationships. Furthermore, planners will be better 
prepared for natural disaster impacts on their region. At present, GIS approach is 
widely used as an essential tool for coastal vulnerability and impacts analysis to 
climate change (Sahin & Mohammed, 2010).
Despite that, the government of Oman realized the importance of GIS and its future 
role in the development of geographical prospect. This technology is widely used 
now in Oman with various public and private sectors started to implement and 
benefit from wide range of opportunities connected to this science (Kwarteng, 2010).
For this research ArcGIS Desktop is the most appropriate software. It’s a collection 
of software products for building complete (GIS). The following three applications 
comprise the ArcGIS Desktop software suite: ArcMap, ArcCatalog, and 
ArcToolbox. GIS techniques will enable us to store of multidisciplinary data and 
examining the relationships between them which could perform at various scales and 
in digital format.
The set of indicators will be selected includes different physical, socio-economic and 
ecological parameters relevant for coastal vulnerability assessment at regional scale.
In general, to assess spatial vulnerability assessment to sea level rise in Oman for the 
selected areas, different datasets such as ancillary data, population census data and
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GIS data have to be collected. The population census will be provided from the 
Census Centre in Oman.
Table (3) below provided the GIS datasets which have already been collected by 
official and unofficial sources in Oman in different period o f times; include different 
administrative boundaries, roads, ports, villages, wadis, flood, dams, original DEM, 
land use, tourism, hydro line, hydro point, natural reserves, domestic services, 
educational and health centres (Szlafsztein & Sterr, 2007; Torresan et al, 2008).
They were released by the government for educational purposes only and shouldn’t 
be used for any other purpose.
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Table 4.3 provides a brief description of each set of data for GIS 
uses:
NO Data set overview Source Date of collection Format
1
Geo I - Im 
Resolution (for 
coastal areas)
Satellite Images government 2007 Raster Satellite 
hnages
2
Hydro line government 2007 Images
3
Mineral Resources government 2007 Images
4
Satellite Images Covers Oman and 
few other regions
government 2007 Raster Satellite 
Images
5
Administrative Data 
of Oman
Contains the 
administrative 
divisions of the 
country, its cities 
and villages.
government 2007 Vector
(shapefile)
6
Land use data government 2007 Vector
(shapefile)
7
Dams data government 2007 Vector
(shapefile)
8
Creek data government 2007 Vector
(shapefile)
9
Natural Reserve 
areas
government 2007 Vector
(shapefile)
10
Floods government 2007 Vector
(shapefile)
11
Valleys (Wadi) government 2007 Vector
(shapefile)
12
Roads government 2007 Vector
(shapefile)
13
International borders government 2007 Vector
(shapefile)
14
Electricity Network government 2007 Vector
(shapefile)
15
Gas pipelines government 2007 Vector
(shapefile)
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NO Data set overview Source Date of collection Format
16
Oil pipelines government 2007 Vector
(shapefile)
17
Water Network government 2007 Vector
(shapefile)
18
Tourism Data government 2007 Vector
(shapefile)
19
Attractions sites government 2007 Vector
(shapefile)
20
Tourism Projects government 2007 Vector
(shapefile)
With the above spatial data, there are also rational data which is not available with 
coordinates. However, they are related to certain regions and cities and for this reason 
they could be beneficial in term of using them in spatial environment.
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NO Data set overview Source Date of collection Format
1
Acrocephalus government 2007 table
2
Slaughterhouse government 2007 table
3
cemetry government 2007 table
4
Grand mosques government 2007 table
5
parks government 2007 table
6
Hotels government 2007 table
7
Schools government 2007 table
8
Hospitals government 2007 table
9
Markets government 2007 table
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Map 1.4: The red line in the map indicates the location of study area 
(coastal areas excluding the Southern Part) for coastal vulnerability 
assessment
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4.9.2: A semi-structured interview questions development:
A semi-structured interview will be used as a second method to collect relevant 
information and data. The interview as described by Blaxter et al, 2001, is a very 
useful technique for collecting relative data which could not be accessible using 
other techniques such as questionnaires and gather more in-depth insights on 
participants' attitudes, thoughts and actions. In addition, the interview will provide a 
high response rate and obtains feedback and offers the interviewer the opportunity to 
explore an issue. The interviews in the research will allow the interviewee to express 
their opinion, concerns and feelings in obtains relevant information, encouraging 
them to provide details and clarification, confirms what is already done and future 
strategies and planning for climate change mitigation and adaptation. Furthermore, it 
allows the probing o f specific issues or ideas that arise and it is flexible in a way that 
the interviewer can clarify the questions and ensures that the interviewees (Schostak 
2005) understand them.
Moreover, the interviews in this study will provide context where the interviewee 
will be asked for more clarification, elaborated ideas and explain perspectives on 
research topics.
According to (Blaxter et al., 2001) care must be taken to phrase questions in 
designing a semi-structured interview, to ensure that the respondents can say what 
they want rather than using leading questions. By deciding the format o f the 
interview which would be a semi-structured, the interviewer will sets up a general 
structure by deciding what ground is to be covered and what main questions that will 
asked for each interviewee depends on his/her role and responsibility in dealing with 
the issue. Consequently, the interviewer will gain an understanding o f in-depth 
information about their opinions and view of points to achieve important information 
about previous and present policies and plans related to coastal zone management 
planning in dealing with current and future impacts o f climate change.
The interviews will take place over the telephone, face to face and by email to avoid 
the necessity of travelling to the respondents and consume time and related problems 
associated with contacting people personally. According to (Walliman,2006.p92 ) the 
telephone interview allows the interviewer to conduct the interview more quicker
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than face to face interview. Still, the interviewer cannot use visual aids to explain 
questions for interviewee via the telephone and no visual clues such as eye contact 
between them.
In order to reduce errors with telephone interview, notes will be taking during the 
interview or after the interview or recorded the interview to re-check and clarify 
ambiguous responses from telephone interviews the recording will be transcribed 
later on in order to analyse the data (Blaxter et al., 2001).
There will be flexibility and freedom for the interviewee (e.g the number o f the target 
groups may exceed 15 depends on the outcomes of the primary interviews).
At governmental level, the interview questions will be focused on their roles and 
responsibilities for effectiveness of responses to current and future climatic impacts 
emphasise on related policies, legislations, mitigation and adaptation strategies and 
disaster management plans in addition to public awareness programmes o f climate 
change.
While the questions for private officials will based on their roles and responsibilities 
to response to climate change impacts in regard to projects and programmes they 
involved in, particularly on disaster management, plans for adaptation or risk 
management and their links to other related programmes and sectors. The following 
table illustrated the interview questions and the target groups:
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4.10.3: Case Study:
In order to build on actual practice and experience, understand in deeply and to focus 
attention on the effectiveness of coastal planning in dealing with climate change 
consequences, a choice of multiple case study design will be employed in this 
research also. According to Blaxter et al, 2001 the case study is in many ways 
concentrated on special cases to probe deeply and to analyse intensively the 
multifarious phenomena that constitute the life cycle of the unit with a view to 
establishing generalization about the wider population to which that unit belongs.
The multiple case study design approach permit analytic generalisation (Yin, 1994) in 
which a previously developed framework is used as a template with which to compare 
the empirical results of subsequent case studies. According to Yin (2003) a case study 
should be considered when the focus of the study is answer "How" and Why 
"Questions". Therefore, it permits the transferability of the same phenomenon under 
different conditions when two or more cases are shown to support the same theory 
(Yin, 1994). In addition the case study is described as an empirical inquiry which is 
designed to bring out the details from the viewpoint of the participants by using 
different sources o f data (Blaxter etal, 2001, & Harris and Brown 2010).
Multiple case studies enable the researcher to explore differences within and between 
cases. The goal, therefore, is to replicate finding a cross cases (Baxter & Jack, .2008).
The comparison consequently will be drawn, it is imperative that the cases are chosen 
carefully so that the research can predict similar results a cross cases or predict 
contrasting results based on theory that’s mean a better understanding o f the 
phenomenon will be gained through conducting a multiple case study (Baxter & Jack,.
2008).
For this research, it is important to use the case study method, because such method 
builds on actual people’s experiences and practices therefore their data will be strong 
in reality and can be linked to action and their insights contribute to changing practice 
(Blaxter et al, 2001). In the main empirical research for this research three case 
studies will be used to indicate good practices and to examine the phenomenon of 
how vulnerable coastal developments including both (tourism and economical 
sectors) are affected by climatic impacts and what response measures (initiatives.
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preparation on current and future expected climatic impacts, mitigation and adaptation 
plans) have been taken so far. In addition the case study will identify any challenges 
to respond to such impacts at both short and long term scale, explore any experience, 
particularly will be focused on the two previous cyclones events hits Oman in (2007 
& 2 010  respectively).
To conduct the case study a semi-structured interview will be employed with selected 
targeted groups in addition to analyse available data and related policy. In every case, 
the Environmental and Safety manager or equivalent will be interviewed to explore 
their experience in depth during the previous cyclones in more details and discuss 
their present and future strategic planning for climate change consequences as they 
are representing major socio-economic sectors for the country.
The target projects for the case study will be selected based on the historical 
experiences with tropical cyclones in 2007 and 2010 respectively, supported by 
available topographic maps that will be provided from the concerned authorities in 
Oman such as Ministry of Regional Municipalities and Water resources, Sultan 
Qaboos University and Supreme Committee for Town Planning. Such maps will 
illustrate the most vulnerable and hazards areas to climate change impacts for storms 
and cyclones along the coastal zone of Oman, particularly flooding hazards as a result 
o f extreme events such as heavy rainstorms and cyclones.
Table 5 below  illustrates th e  case study  groups a n d  the ir  rela ted  questions:
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Case study group selected Area
Liquid Natural Gas project Sur, Al Shariqa 
( Industrial)
Barr A1 Jas Resorts Muscat 
(Tourism)
Qubrah Desalination Plant Muscat
Questions
1- What are the main risks from climate changes 
have already apparent and affected your project? 
And how they being monitored? Taking into 
consideration your experience with previous events 
related to climate change?
2- What are the losses and what is the impacts on 
GDP, associated with existing climate hazards? 
(What are the economic losses from flooding and 
storms?
3- What strategies are employed to address climate 
change risks and hazards?
4- Have plans for expansion of coastal 
development accounted for sea level rise and 
intensified storm risk?
Table 4.5 Target Groups for the Case Study Interviews 
4.11: Sampling Procedure:
A survey involves the study of a large number of subjects drawn from a defined 
population (Neill, 2003). Sekaran (2003: 265) defined population as “the entire group 
of people, events, or things of interest that the researcher wishes to investigate”. 
There are two aspects to the choice of participants in any study: firstly, the 
characteristics they should have; secondly, the number of participants. When a 
specific population is investigated and the results are needed for generalization, a 
representative sample is essential (Carter, 1997). Sampling is defined as the process 
of selecting a sufficient number of elements from the population (Sekaran, 2003: 
266). There are two general methods of sampling: probability and non-probability 
sampling. In probability sampling a random method is used to select simple from 
population and the elements in the population have known chance o f being selected.
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While non- probability sampling is based on non-random selection, relying on the 
judgment of the researcher and provides a weak basis for generalization.
In research, where the theoretical framework has several variables of interest and the 
question arises: how large the sample is when all the factors are taken into account. 
Sample size decision is simplified by providing a table that ensures a good decision 
model (Krejcie and Morgan, 1970, cited in Sekaran, 2003).
For this research a non- probability sampling approaches will be applied for the in 
depth interview survey where fifteen participants will be selected for the study. The 
purposive sampling will be applied where selection will be focused on people who 
have experience with the research question(s) and with formal responsibilities for 
coastal zone management planning and explore in depth their aspects, initiatives and 
concerns on to what extent they working in facing the current and expected future 
impacts of climate change.
For the case study theoretical sampling will be useful where the researcher will get 
information from a sample of the population that most knows and already experience 
with subject o f the study. Therefore, three different developments along the coastal 
area will be selected for the case study. The selection of the target development will 
focus on their activities, experience with previous climate change impacts and extent 
of their vulnerability and risk to such impacts. Table (6) lists a sample criteria and 
reasons for a sem i-structured interview.
4.12: Data analysis:
According to Sekaran (2003) before starting to analyze the data and test the 
hypotheses, some preliminary steps need to be completed. The data needed to be 
edited, coded and a categorization scheme had to be set up. These help to ensure that 
the data are reasonably good and of assured quality for further analysis.
(Walliman, 2006. p i29) identifies the differences between qualitative and quantitative 
analysis as:
"The essential difference between quantitative analysis and qualitative analysis is that 
with the former, you need to have completed your data collection before you can start
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analysis, while with the latter, analysis is often carried out concurrently with data 
collection."
As mentioned previously, due to the shortage o f data from Oman on coastal zone 
management planning and climate change impacts, and in order to build up a 
comprehensive view of the research question, a mixture o f documents, a semi - 
structured interview, case study, SLR scenarios development and CVI calculation 
methods will be used to generate confirmatory results, integration o f quantitative and 
qualitative methods will be used to study, investigate and analysis the research 
question.
Unlike quantitative data analysis, the analysis of qualitative data (the interviews) will 
consist o f three major stages: familiarization and organization, coding and recoding 
and summarizing and interpreting (Gray, 2009; Miles & Huberman, 1994). However, 
a fourth stage maybe added if requires which is translation from Arabic to English.
In the first stage, the researcher will read and reread the answers and the notes in 
order to become familiar with the data. Then the researcher will translate the required 
data without changing the meaning. The most important stage in qualitative analysis 
is the coding technique which helps to organize the collected data and provides a first 
step in developing concepts and categories from the data (Kelle, 2004) after becoming 
familiar with the data. The coding can be used to label different aspects of the subject 
of study and helps to prevent data overload that maybe resulted from unprocessed 
data in the form of ambiguous words. Coding will enable the researcher to develop 
code categorise that could adequately describe, condense and summarize the data.
The process of coding is analytical, so should be taken carefully especially when 
reviewing, selecting, interpreting and summarizing the information without distorting 
them. Nowadays several computer programmes are used for analysing qualitative data 
such as ( NVivo, ATLAS or MAXQda). In addition, recently, the Computer-assisted 
qualitative data analysis (CAQDAS) represents a well established field in the domain 
of qualitative methodology.
Gray 2009 points out the advantages of using CAQDAS software over the last 20 
years, in analyzing qualitative data. The program is a mixed blessing. On the positive
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side, the software allows the researcher to work through the data, marking words, 
phrases of texts with cods. In addition it imports transcriptions or other computer­
generated documents directly into program. But on the negative side, it does not 
generate codes for the researcher, and besides the researcher has to interpret the data 
and it needed the researcher to learn the program.
Nevertheless, before deciding to use such software, the researcher has to make sure 
that the quantity o f data requiring analysis justifies the expenditure of time. In spite of 
that, the CAQDAS software does cut out much of drudgery of manipulating 
qualitative data (Gray, 2009.p518).
The last but most significant of all stages will be the summarizing and interpreting 
data. In this stage, the researcher has to present the massive amount o f data in a well- 
organized, easy to read and understandable way. As a consequence, a summary will 
be developed to put the key issues according to the themes and categories which will 
be produced for the data.
4.13 Summary
This chapter presented the methodology employed in this study. First, the research 
question and objectives were highlighted. The research design and the data collection 
method were presented. A mixed method technique was used. The study was 
conducted in three stages. Stage 1 involved the secondary data collection. Stage 2 was 
the quantitative data collection by using coastal vulnerability index collection tool and 
building different sea level scenarios to estimate and predict the potential impacts of 
climate change on Oman's coastal areas. Stage 3 involves the semi-structured 
interviews to evaluate and understand in depth the current and planning coastal zone 
management planning and programs for tackling climate change impacts.
The result from this survey and the subsequent analysis will be described in depth in 
the chapters 5, 6 and 7.
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Chapter 5 
Finding Quantitative Data Analysis 1- Application of 
Geoprocessing Model for a quantitative assessment of 
coastal exposure and sensitivity to Sea Level Rise
5.1 Introduction:
As had been diseussed earlier in ehapter 3 the literature review, there is a range of 
different approaehes and methods that ean be applied to assess the eoastal 
vulnerability to elimate ehange impaets. These include quantitative and predictive 
models, experimentation, expert judgment and empirical studies. There are also other 
tools that may be used such as geographical information system (GIS) and Remote 
Sensing (RS) (IPCC, 2007).
This ehapter addresses the first quantitative data analysis used in this research based 
on the geoproeessing model to assess the impaets of elimate ehange on the eoastal 
areas of Oman. It is based on calculating the coastal vulnerability index to identify 
vulnerable sectors, regions and resources. The following ehapter 6 will address the 
future risk posed by SLR of the eoastal areas by using appropriate SLR scenarios.
The vulnerability assessment of eoastal areas to current and future impaets of SLR 
will, without doubt, enhance the national capacity to address the possibility of 
accelerated sea level rise.
5.2 Coastal Vulnerability Index (CVI)
As had been mentioned in ehapter 3 & 4 the literature review and the methodology, 
the main purpose of eoastal vulnerability assessments are to act as guidance for 
scientists, eoastal managers and decision makers to consolidate their knowledge on 
where along the coastline the impaets of (SLR), elimate ehange and other non-elimate 
drivers will be most keenly felt. A common form of eoastal vulnerability assessment 
involves calculating an index, a method that ean simplify a number of complex and 
interacting parameters, represented by diverse data types, to a form that is more 
readily understood and therefore has greater utility as a management tool.
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The aim of this ehapter is the elassifieation of the eoastal zone of Oman with respect 
to its vulnerability to the anticipated future sea-level rise. For this purpose the Coastal 
Vulnerability Index (CVI) proposed by Thieler & Hammar-Klose (1999) was applied, 
on the basis of field data, existing topographic and geo-environmental information 
and utilizing GIS technology. This approach constitutes a relatively simple and 
objective way to quantify vulnerability o f Oman eoastal areas.
As mentioned previously, in ehapter 4 the methodology this CVI used six physical 
variables as indicators of a coastline’s vulnerability to the impacts of SLR: 
geomorphology, eoastal slope, rate of relative sea-level rise, rate of shoreline 
erosion/aeeretion, mean tide range and mean significant wave height. The CVI is 
calculated as the square root of the product o f six variables, ranked from 1 to 5 
according to Table 1 below, and divided by their total number (equation 1):
CF/ = 7 ( ( a . b . c .d . e . f ) / 6 ) )
Each variable for each eoastal area has been ranked from 1 (very low) to 5 (very 
high) vulnerability, according to the values provided by Thieler & Hammar-Klose 
(1999) and presented in Table 1 below. Subsequently the CVI value for each eoastal 
area was calculated using equation 1.
In order to have a preliminary assessment of the impaets of the anticipated sea-level 
rise on the socio-economic activities along the investigated shoreline, land-use along 
the eoastal zone and the slope of the eoastal zone were calculated using the Digital 
Elevation Model (DEM) of Oman with 4 m contour interval (1 m for the low lying 
eoastal plains) obtained from the National Authority Survey. In order to estimate the 
gradient of the sub-aerial eoastal zone the slope o f each grid cell with 40X40 m size 
was calculated by defining elevation extremes.
Different land use categories were recognized, which include sandy beach zones, land 
primarily occupied by agriculture and industry, salt marshes, and sport and leisure 
facilities.
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Data management has incorporated the development of a spatial database, utilizing 
GIS technology, for the eoastal areas o f Oman derived from detailed analogue 
topographic and geologic maps of various scales, satellite images and land use maps.
In general, for each CVI variable a poly-line layer was created, while each variable 
forms a feature class (coverage), which ean be displayed graphically. Individual 
feature classes ean be superposed, and areas with a common set o f attributes ean be 
identified. Data for each of the six variables were added to the shoreline attribute and 
for each section of the coastline a CVI value was calculated using the above 
mentioned formula.
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Table 1.5 Ranges for vulnerability ranking of the six variables used in equation 1 
(Thieler and Hammar-Klose, 1999).
Very low low Moderate High Very high
Variable 1 2 3 4 5
Geomorphology
Rocky,
cliffcd
coasts
Medium
cliffs
Low cliffs
Cobble
beaches.
Estuary
Barrier
beaches.
Sand
beaches
Coastal Slope 
C%)
1 2 - 9  1 r i ' 6 - 3 ^ ' <3
Relative Sea 
Level Change 
(mm/yr)
<1^ 1 .8 -2 .5 2 ,5 -3 .0 3 .0 -3 .4 >3.4
Shoreline
erosion/accretion
(m/yr)
>2.0
Accretion
1.0 2.0
Accretion
-1.0-+1.0  
Stable
-1 .1 -2 .0  
erosion
<-2.0
erosion
Mean tide range 
(m)
>6.0 4 .1 -6 .0 2 .0 - 4 .0 1 .0 -1 .9 <1.0
Mean wave 
height (m)
<&55 0.55 -0.85 0 .85-1 .05 1.05-1 .25 >1.25
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5.3 The CVI values
The geomorphology, as a non-numerical variable, expresses the relative response of 
different types of coastal landforms to sea level rise. It is ranked qualitatively 
according to the relative resistance o f the coastal landforms and rocks to coastal 
erosion. The main coastal landforms at the study area (from very high to very low 
vulnerability) were Barrier beaches. Sand beaches. Cobble beaches. Estuary, Low 
cliffs. Medium cliffs and Rocky, cliffcd coasts.
Among the considered variables, relief expressed by the coastal slope is the main 
indicator of inundation risk while the other variables of the database arc associated 
with crod-ibility risk. The determination of regional coastal slope identifies the 
relative vulnerability of inundation and the potential rapidity of shoreline retreat. Low 
sloping coastal regions should retreat faster than steeper ones. Regions with coastal 
slopes lower than 3%wcrc characterized as o f very high vulnerability, while coastal 
cliffs with slopes higher than 12 % were of very low vulnerability (Table 1).
For the sea level change, we have considered only the changes due to custatism 
component, which is the mean custatic global sca-lcvcl rise rate for the time period 
between 1850 and 1950 (IPCC, 2007) this variable took the value of 1.8 mm/yr (low 
vulnerability -Table 1), because there is no historical record of variable in Oman. For 
shoreline erosion or accretion rate were derived from previous studies. The mean 
annual values of significant wave height and tidal Datum have been obtained from the 
Oman National Hydrographic Office. The assumed tidal range in the Sea o f Oman 
was 0.89 to 1.70 meters. Since 1990, Chart Datum has been established at over 40 
sites along Oman's coast from observations conducted by, or under the supervision of, 
the Royal Navy of Oman's Hydrographic Department (Oman National Hydrographic 
Office, 2012). As a result, each variable for each coastal segment has been ranked 
from 1 (very low) to 5 (very high) vulnerability, according to the values provided by 
Thieler and Hammar-Klose, (1999) and presented in Table 1.
According to Table 1, coastline ehange rates along the Oman eoastal areas incorporate 
from accretion greater than +2 m/yr (very low vulnerability) to retreat greater than -2 
m/yr (very high vulnerability).
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The calculated CVI values along the coastline of Oman range varied between 0.32 
and 8.35, the median value of the index for the whole study area is 3.81 while the 
stander deviation is 1.89. The geographical distribution of the vulnerability of the 
eoastal line of Oman to the potential sea level rise is presented in figure 1.5 below.
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Figure 5.1 CVI classes for the six coastal governorates of the Sultanate of Oman
For the coastline of Musandam govemorate which is flanked by the Arabian Gulf in 
the west, the Sea of Oman in the east and the Strait of Hormuz in the north, is rocky, 
steep and mountainous, 21.1% was classified as very highly vulnerable to elimate 
change impacts and particularly to SLR.
However, sand beaches occur on the Arabian Gulf side, while pocket beaches occur in 
the east side with sediments derived from near shore source. Numerous small wadis 
dissect the highly concave shoreline of Musandam which have gravel and sandy 
beaches.
A large part of Musandam coastal area or about 35% of Musandam is classified as 
having very low vulnerability compared to other coastal areas of Oman (figure 1.5).
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This category represents relatively stable coasts composed of rocky cliff rocks, and 
with relatively low changes in sea level less than 1.8 mm/yr.
On the other hand, the CVI classes for the six eoastal governorates in the Sultanate of 
Oman shows that A1 Batinah coastline which is located in the northeastern part of the 
Sultanate o f Oman, bounded between the western Hajar Mountain range and the sea 
of Oman, is the most vulnerable to elimate ehange and SLR where (98.5 % of its 
beaches coastline are classified as very highly vulnerable) as illustrated in maps 1-5, 
2-5 and 3-5 which illustrated the worst ease 1 location scenario.
It extends in a NW -SE trend as a crescent shape and parallel to the mountains for 
about 230 km sandy beaches from UAE border in the NW to Ras al Hamra in Muscat 
in the SE.
The Batinah coast is predominantly non-indented alluvial fans, and characterized by 
long shore sand transport along a low lying eoastal plain fringed by beaches and 
dunes. The eoastal plain is narrow at its northern and eastern ends, while its width in 
the middle is maximum around 50km. The eoastal plain is composed of continuous 
alluvial fans drained from the mountains with sediment which varies from gravel and 
coarse sands to fine sands and silt near the coast. This suggests that most of the beach 
sediments along the coast are of terrestrial origin (Al-Hatrushi and Al-Buloshi, 2009).
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24,000 48.000 96,000 Meters
Map 1-5: The location of the worst case 1 AL Batinah Coastline (Grid- Dem- 5m)
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Elevation (m)
High ; 185
Sea Level Rise Scenario (m)
0.5  m
Low ; 1
Elevation (m)
0 1 ,875  3 ,750  7 ,500  Meters
 1-----------1-1-----------1-1------1------1------1------1
Map 2-5: A part of the location of the worst coastline of AL Batinah in more
details.
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Elevation (m)
wmmmm  High : 185
Low : 1
0 1 ,875  3 ,750  7 ,500  Meters
 1----- 1-1------1----1---1 h
Map 3-5: The SLR worst for AL Batinah Coastline case 1 location-DEM.
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For Muscat Govemorate, 47.5% of the coastline was considered as very highly 
vulnerable to the SLR maps 4-5, 5-5 and 6-5 below where the coastline divided 
different zones. This rate ranks the Govemorate in the second position in term of high 
vulnerability after Al Batinah Govemorate. The coastline between Muscat and Ras al 
Hadd is a steep cliffed coast with wadis breaking through the raised shore platforms, 
and some small pocket beaches. The cliffed coast continues south until it gives way to 
Al Sharqiya Sands, which is a predominantly non-indented flat beach covered by 
beach ridges.
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A0 2 4 ,0 0 0  4 8 ,0 0 0  9 6 ,0 0 0  Meters
 1--1---1---1---1---1---1---1---1
Map 4-5: The location of the worst ease 2 M uscat G ovem orate Coastline (G rid- 
Dem- 5m)
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AElevation (m)
-  High : 125
Sea Level Rise Scenario (m)
■
Low : 1
0 .5  m
1 I 2  m
0 1 ,875  3 ,750
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 1
Map 5-5: The location of the worst case 2 M uscat Coastline in details.
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Elevation (m)
H ig h  : 1 2 5
L o w  :
,8 7 5  3 , 7 5 0 7 , 5 0 0  M e t e r s
M ap 6-5: The elevation of the worst case 2 location for SLR.
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Al Sharqiyah coastline is a steep cliffed coast stretches for approximately 200km 
along the southeastern part o f the Sea of Oman. It trends from Ras al Hamra in 
Muscat to Ras al Hadd in the southeast. Although it is rocky, there are some 
indentation areas in the major khawrs and embayment such as Bandar Al Khairan, 
Khawr Al Batih, Khawr Jaramah and Khawr Al Hajar. Furthermore, sandy and gravel 
beaches composed one third of the coastline.
For Al-Wusta govemorate, 45.4% and 18.3% of the coast line were considered as 
very highly and highly vulnerable to SLR. The coastline adjacent to Al Sharqiyah 
Sands extends south to Barr al Hikman is low lying and characterized by a wide 
continental shelf with flat beaches covered by beach ridges and sand dunes of 
offshore source. The coastline between Barr al Hikman Peninsula and Ras Mudrakh is 
extremely flat sandy coast with beach ridges caused by increasing sand deposit. 
Farther south, low cliffs are existed and with slightly indented sandy beaches, coral 
reefs, coastal sabkhas and tidal flats.
For Dhofar govemorate, the percentage of the very highly vulnerable class to SLR is 
the lowest comparing to the rest of the govemorates. Dhofar coastline extends south 
to the border with Yemen Republic. It contains a high mountain cliff with enclosed 
sand beaches and the relatively wide Salalah coastal plain. The Salalah coastal plain 
extends approximately 50km between Taqa and Raysut. It is low-laying sandy coast 
with many scattered lagoons and tidal inlets that support mangrove stands. To the east 
and west of it, a steep cliffed coast dominates the area with numerous wadi mouths.
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5.4 Conclusion:
In this chapter the first finding o f quantitative data was discussed. The relative 
vulnerability of coastal areas o f Oman to changes due to climate change and future 
rise in sea-level is estimated with the calculation o f the Coastal Vulnerability Index 
(CVI). CVI values along the shoreline vary between 0.32 and 8.35.
The vulnerability of the coast to sea-level rise is spatially non uniform because of 
variations in some of the incorporated variables. Thus, the variables introducing the 
greatest variability to the CVI values are those of geomorphology, shoreline accretion 
and/or erosion and regional coastal slope.
According to the criteria of coastal vulnerability, as defined in this chapter, the 
sections of coast with the highest CVI ratings characterized by sandy beaches, coastal 
slop less than 3% and relatively sea level change higher than 3.4 mm/yr.
For all the coastal areas of Oman, highly vulnerable coastal areas are AL Batinah with 
98.5% of its coastline is highly vulnerable to climate change and SLR impacts 
followed by Muscat with 47.4% Very high vulnerable. A significant length o f the 
high and very high vulnerability coastal zones are occupied by 56% of the total 
population of Oman and host by most significant socio-economic developments and 
urban areas.
High and moderate vulnerability presents most of the cobble beaches and steep low 
cliffs coast of AL Sharqiyah and AL Wusta. Musandam at the north, however, has the 
most very low vulnerable rocky cliff coasts comparing to the other coastal areas of 
Oman.
Nevertheless, the development of a spatial GIS database to accommodate and 
interrelate the variables involved in the calculation of the CVI values (including relief 
morphology such as elevation data and coastal slopes, coastal landforms, 
geomorphology, relative sea-level changes, shoreline erosion or accretion, tidal range 
and wave heights) could be renewed and expanded further in order to incorporate new
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available data (e.g. storm surge), including new variables (e.g. sediment budget) in the 
future for better results of the CVI.
Additionally, the combination of geomorphological observations and oceanographical 
parameters utilizing GIS techniques allows eventual integration with socio-economic 
data sets concerning the coastal areas, which is a very useful planning tool for policy 
makers and coastal zone managers in defining parts o f the coastline, which are most 
likely to be threatened by sea-level rise.
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Chapter 6 
Research Finding 2: Secondary Data Analysis- Building 
SLR scenarios.
6.0 Introduction:
Having described a process for assessing the vulnerability o f different related hazards 
of climate change including Sea Level Rise (SLR) in general on the basis of different 
scenarios earlier in chapters three & four, the purpose of this chapter is to identify and 
quantify the vulnerable low lying coastal area of Oman to the adverse effects of sea 
level rise, categorized these vulnerable sectors, regions and resources in response to 
the three projected SLR scenarios: low, moderate and high. Moreover it will assess 
people that are most exposed to SLR along the coastal areas of Oman.
As has been mentioned earlier in chapter two ecological and socioeconomic systems 
in Oman are currently facing tremendous pressures due to the rapid urbanization, 
industrialization and economic development. However, chapter 5 has highlighted that 
most of the coastal areas of Oman particularly AL Batinah and Muscat coastal areas 
identified to be relatively very high vulnerable to potential impacts of SLR.
The phenomenon of SLR is going to accelerate the degradation of the coastal and 
marine resources of Oman, as it considered as the hardest impacts resulted from 
climate change that fall upon those coastal zones (IPCC, 2007). In addition, 
inundation from SLR could lead to serious displacement o f people, commercial and 
industrial activities and loss of biological diversity such as populations o f birds, 
turtles, coral reefs, fish and wetlands for the most affected areas (IPCC, 2007).
Ultimately, the findings of these data will determine to what extent the most sensitive 
areas of Oman coasts are exposure to climate hazards among vulnerable people, in 
addition it will seeks to understand to what extent adaptation can be discerned in
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response to such impacts and changes in order to enhance the national capacity to 
address the possibility of accelerated SLR.
However, this chapter will demonstrate the analysis of secondary data of this research 
modeling the future climate, where the researcher take account of changes in Sea 
Level Rise (SLR), along the Oman's coastline. The analysis includes impact indicators 
for the following: affected coastal areas, population, economic activity, and major 
cities.
As explained earlier in chapter four the methodology, the data for assessing climate 
change vulnerability on the coastal areas will be established in collaboration with 
Sultan Qaboos University where they have a high level qualified technician working 
on GIS program with available data on climate change vulnerability assessment on 
coastal areas in Oman. In addition, the researcher has limited training and knowledge 
for the establishment of vulnerability assessment using the GIS system.
The analysis is based on the best available data for estimating the relative 
vulnerability of various coastal areas to increase SLR. However, several gaps in the 
data limit our analysis. First and foremost, lack of national database for some areas 
including the Southern part of Oman. Second, the absence o f a national database on 
shoreline protection has prevented the researcher from incorporating the effect of 
existing man-made protection measures and natural coastal protective features on 
exposure estimation. Third, we have assessed the impacts of SLR using existing 
populations and socioeconomic conditions for patterns of land use. Human activity is 
generally increasing more rapidly in coastal areas o f Oman; therefore, our estimates 
are undoubtedly conservative on this score.
6.1 Sea Level Rise and Coastal Zone
Coastal erosion in several parts of Oman has long been recognized as a problem of 
growing magnitude as discussed earlier in chapter 3. Coastal erosion and accretion 
occur in several areas in Oman, in part, as natural processes and the continuing 
change of the shoreline. Coastal erosion will increase as sea levels continue to rise. 
Furthermore, Omani coastal settlements are under additional threat from rising sea 
levels and an eroding coastline. A few studies in the past have indicated severe
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erosion at Al Bathina coast. The shoreline in the Batinah appeared to be retreating at a 
rate of about 60 cm/year (Al-Hatrushi et al, 2009).
6.2 Methodology
This section briefly discussed the methodology and data sources pertaining to the 
delineation of SLR. Results and findings are represented in section three. Section four 
concludes.
A Sea Level Rise Model was developed in a GIS framework based on two 
parameters: topography in relation to the mean sea level. The model inputs a Digital 
Elevation Model (DEM) with a spatial resolution of 40m and a precise database of the 
benchmarks o f the coastal line.
The database related to the costal line was obtained from the Oman National 
Hydrographic Office. All the grid cells that would be inundated based on a user- 
defined increment (e.g. 0.5m) was identified for the entire Omani coastal line. Basic 
statistics were computed for model results to determine total land are inundated at 
intervals of 0.2 m, 0.5m, Im, 2m, 3m, 4m and 5m as illustrated in table 1-6.
The obtained model results were overplayed with land use datasets in order to 
estimate the risk among all land use categories. However, the coastal line o f the 
govemorate of Dhofar (south part o f Oman) was excluded from the estimation o f the 
risk due to the lack of appropriate land use datasets.
Table 6-1: Simulation of Sea Level Rise for Oman (Simulation based on A lb  
scenario)
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Sea Level Rise Best Estimate
0.20 m 2040
0.50 2070
1 m 2100
6.3 Vulnerability and Risk
The finding of data will be presented below by figures detailed showing the land area 
affected by SLR at 0.2m, 0.5m, Im, 2m, 3m, 4m and 5m, in Oman. Figure 0-1 
presents the total land area affected by SLR at 0.2m, 0.5m, Im, 2m, 3m, 4m and 5m 
respectively. On the other hand. Figure 0-2 shows the total area affected by SLR at 
0.2m, 0.5m, Im, 2m, 3m, 4m and 5m by govemorate.
From the figures, it can be clearly seen that at lower level rise (0.2m and 0.5m), A1 
Sharquiya and Al-Wusta govemorates are the mostly affected area. In addition, A1 
Batinah govemorate which was large heavy industries are implemented and mostly 
populated is also affected at these levels of sea rise.
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Figure 0-1: Total area affected by SLR at 0.2m, 0.5m, Im, 2m, 3m, 4m and 5m, 
respectively in the Sultanate of Oman
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Figure 0-2: Total area affected by SLR at 0.2m, 0.5m, Im, 2m, 3m, 4m and 5m, by 
govemorate.
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Results in the figure 6-1 indicated that all coastal areas of Oman are vulnerable under 
different SLR scenarios. By 2100 about 510 Km^ of the total coastal areas will be 
inundated as a result o f the SLR. In contrast, under worst scenarios more than 800 
Km^ of the total land might be lost under 4 m SLR, and exaggerated to more than 900 
Km^ under 5m.
The estimated inundated areas in all the areas by the different SLR scenarios, 
indicated that the main land's will be lost under worse scenarios o f 4 & 5 m 
respectively as shown in figure 6-2 and table 6-2 above. The most affected areas 
under 4 m SLR are A1 Wusta Govemorate where 247.6 Km^ of the total coastal line 
will be inundated, followed by A1 Sharquiya Govemorate with about 218 square Km 
will be affected. Whereas at 5 m SLR scenario the most affected area is AL Wusta 
Govemorate with a total o f 280 square Km will be affected.
Therefore, AL Sharquiya and A1 Wusta, given their status as wetlands of intentional 
importance, in addition AL Wusat has the biggest and most important port, Port of 
Duqm which has fast becoming an important reality of the Middle East region’s 
rapidly transforming maritime landscape (MRMEWR, 2003; MOI,2013) both of the 
govemorates are amongst the most inundated coastal areas for 2100 and under worse 
future SLR impacts.
The main threats of SLR will probably come from losing the coastal habitats 
ecological functions as being homes of resident sea birds and nesting for other 
migratory species, in addition to lose of sea turtles nesting, coral reefs and wetland 
including mangroves.
However, inundation will unequally affect Oman's vulnerable infrastmcture. For the 
main govemorates of Oman AL Batinah & Muscat, where currently the majority of 
socioeconomic activities (i.e. industry, tourism, commerce, agriculture, govemment 
and residential) are concentrated and which concemed as the most densely populated 
area where 56% of the total population of Oman according to 2010 census inhabit that 
area. The total coastal areas that will be inundated as a result o f 1 m SLR scenario for 
2100 will be 145 square Km of these two govemorates. Inundation would adversely 
affect cities, roads, agricultural areas, in addition to beaches, as demonstrated below 
in figures 6-3 & 6-4.
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Additionally, Figure 06-43 & table 6-2 below show the total existing land use affected 
by SLR where a total o f 31.1 Km^ of the total existing land use areas o f the whole 
country will be inundated under 1 m SLR scenario for 2100.
However, these figures without the existing data for land use for both AL Wusta and 
Dhofar Govemorates due to unavailability o f such data for both sites. Although, as 
mentioned earlier in the chapter, under different SLR scenarios AL Batinah is less 
affected by SLR comparing to AL Sharquiya and A1 Wusta, however, as expected, 
absolute impacts o f SLR on total existing land areas and coastal population appear 
particularly severe in AL Batinah Coastal areas, where about 18.5 square Km of total 
existing land use of AL Batinah will be affected under 1 m SLR scenario as shown in 
Map 6-1, figure 6-4 and table 6-2 below.
The large figures for A1 Batinah result mostly from their relatively large coastal 
population compared to other regions map 6-1. The most serious impact of SLR 
would be the inundation of low-lying lands, affecting mangroves, coastal wetlands, 
inlands, coral reefs, fish stocks and biodiversity in addition to increased coastal 
erosion.
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lAI-Bathina Land Use ' Muscat Land Use lA l-Sharquiya Land Use
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Figure 0-3:Total Existing Land use (km2) affected by Sea Level Rise at 0.2m, 0.5m, 
Im, 2m, 3m, 4m and 5m, by Govemorate.
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Map 6-1: The total coastline of AL Batinah affected by SLR under different 
scenarios as shown with the red line along the coastline.
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Figure 06-4: Land areas affected by SLR along A1 Batinah coast.
195
00 MD < VJ
rn r-i s6 o rirr (N o r-
\ q o \o 1
0 0 o < o «S
CD o
%
\o
0\ Oso 5o o
o
%
IT,
ro '«O 00ou-i (N CD o(N o 1
1
es
T)-
Os
J
(N 1
JM)
w
o\
to
>0
tSX)
Qi
5
0>
%s
"O
1
«
6
g
3o
H
\o
zC3
H
LOcn
More detailed analysis based on different affected land use categories namely 
residential, commercial, govemment, farms and crop land for A1 Batinah and Muscat 
govemorates under three different SLR scenarios (0.2, 0.5 and 1 m) are shown in 
Maps 6-2, 6-3, 6-4 & 6-5 below in addition to Figure 0-5 and Figure 0-6 respectively.
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Maps 6-2, 6-3, 6-4 & 6-5 The Total land use affected by different SLR scenarios
along AL Batinah Coastline.
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I Sea Level Rise 0.2 m Sea Level Rise 0.5m «Sea Level Rise 1m
Residential Commercial Government Aqricuiture (Farm) Cropland
Figure 0-5: Percentage from the total area of the categories for different SLR (0.2m, 
0.5m, Im), for A1 Batinah
iSea Level Rise 0.2 m Sea Level Rise 0.5m «Sea Level Rise 1m
10
Residential Commercial Govemment Agriculture (Farm)
Figure 0-6: Percentage from the total area of the categories for different SLR (0.2m, 
0.5m, Im), for Muscat.
200
Sea Level Rise 0.2 m
Land use 
C ategories
A rea km2
% from  the total 
land o f the  
categories
N um ber o f  Unites % from  the total unites o f  the categories
AI -Bathina
ResideMial 2.44 3.25 2610 9.80
Commercial 0-23 7.21 161 2.57
Government 4.94 1.24 45 2.17
1
1
Agriculture
(Farm) 3^ 3 2Ü 8 494 11.82
Crop Land 2.93 0.69 996 1.87
Sea Level R ise 0.5m
Land use 
Categories
A rea km2
% from  the total land  
o f the categories
N um ber o f Unites % from  the total unites o f the categories
Al-Bathina
Residential 2.44 3 J 3 2610 9.80
Commercial 0.23 7.21 161 2.57
Govemment 4.94 1.24 45 2.17
Agriculture
(Farm) 3.93 2G8 494 11.82
Crop Land 2.93 0.69 996 1.87
Sea Level R ise Im
Land use  
C ategories
Area km2
% from  the total land  
of the categories
N um ber o f  Unites % from  the total unites o f  the categories
Al-Bathina
Residential 3.89 5.19 4502 16.91
Commercial 0.31 9 J 2 277 4.42
Govemment 4.94 1.24 46 2.22
Agriculture
(Farm) 5.07 2 j d 626 14.98
Crop Land 4.34 1.02 1094 2.05
Table 6-4: Different categories affected under different SLR scenarios along AL-
Batinah coast.
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From the figures 6-5 & 6-6 and table 6-3 it can be without a doubt display the most 
affected sectors with different SLR scenarios for both the Govemorates. For instance, 
if  the SLR rises to 1 m, it is estimated that more than 9% of the commercial sector in 
AL Batinah will be affected including the major industrial area, refinery and harbors.
On the other hand, with same SLR scenario Im, more than 6% of commercial sector 
in Muscat Govemorate will be lose including the refinery, desalination plants and 
other industrial areas.
Finally, we presented the projected global average surface warming and sea level rise 
at the end o f the 21st century as can be seen in the following table 5.
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Case
Constant Year 
2000
concentrations
Temperature gea Level Rise) 
Change
(°C at 2090-2099
relative to 1980- (m at 2090-2099 relative to 1980-1999) 
1999)*
Best
estimate
0.6
Likely
range
0 .3 -0 .9
Model-based range excluding future
rapid dynamical changes in ice flow
NA
B1 scenario 1.8
1 .1 -2 .9
0 .1 8 -0 .3 8
AIT scenario 2.4
1 .4 -3 .8 0.20 -  0.45
B2 scenario 2.4
1 .4 -3 .8
0.20 -  0.43
AIB scenario 2.8
1 .7 -4 .4
0 .21 -0 .4 8
A2 scenario 3.4
2 .0 -5 .4
0 .23-0 .51
AIFI scenario 4.0
2.4 -  6.4
0.26 -  0.59
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6.4 Conclusion:
Sea level rise is one of the most apparent consequences of climate change. As had 
been mentioned earlier in chapter 3 the literature review, sea-level rise is one of the 
most apparent and widespread consequences of climate change. In fact, it is now well 
established that global sea levels rose 10 to 25 cm during the 20th century and it is 
expected that this rate of rise will accelerate during the 21^ century as a consequence 
of human-induced global warming (IPCC, 2007).
The (fPCC,2007) estimated a global rise from 1900 to 2100 between 9 and 88 cm 
with a best estimation of 49 cm primarily due to the thermal expansion of ocean 
water.
However, predictions of global mean sea level rise can be made with more confidence 
than many other aspects o f climate change science. Although, the thermal expansion 
of the world’s water bodies and the melting of glaciers are slow, but nevertheless a 
process with far-reaching consequences. Thus the sea level rise will increase the 
exposure of coastal populations to storm surges and storm waves.
Therefore, this purpose of this chapter was to assess the vulnerability o f Oman’s 
coastal zones to severe future impacts of SLR. A detailed GIS analysis is used to 
estimate the impacts of future SLR. After delineation future inundation zones, this 
information is overlaid with different indicators for coastal population, land use and 
economic activity.
Many of the sensitive coastal areas in Oman are currently subject to over exploitation 
and adverse effects of coastal development projects. However, SLR will slowly 
degrade major functions and these systems, thus adversely affecting biodiversity.
This chapter aims to identify areas along the coastline of Oman most affected by SLR 
under 1 m for 2100 and with worse scenarios 5 m SLR. Our results indicate very 
heavy potential losses that are much more concentrated in some areas than others. It 
was found that Oman is highly vulnerable to future impacts of SLR under different 
SLR scenarios and amongst the most affected areas are AL Wusta and A1 Sharquiya. 
Furthermore, numerical estimates of magnitude o f losses have been also estimated 
based on different scenarios. A particularly striking finding is the concentration of
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highly vulnerable population and socioeconomic activities at the more major cities 
(Muscat & AL Batinah Coast).
By 2100, 500 sq km of Oman coastal area will be permanently inundated. All the 
coastal areas with different economic regions will be affected at different levels. The 
SLR impacts fall mainly in AL Batinah Coastal areas where about 9 % of the 
commercial developments and more than 5% of the residential will be affected as a 
whole in this area comparing with the other areas.
At conclusion, we believe that these large potential impacts further strengthen the 
case for rapid action to protect endangered coastal populations.
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Chapter 7
Research Findings 3: Qualitative Data Analysis- Interview 
Survey
7.1 Introduction:
Although from the quantitative data analysis presented early in chapters 5 & 6 which 
found that most of the intense economically and demographically areas of Oman's 
coastlines are highly vulnerable to impacts of SLR, these results predict the 
consequences of the possibility of the rise in sea level at different scenarios which 
may alter the land- use and patterns of human communities.
However, In order to gather further and in depth insights on assessing vulnerability 
and risk of the coastal area o f Oman with the expectation that coastal planners and 
governmental authorities will profit from integrating these knowledge into broad 
based environmental decision making, a semi-structured interview survey was 
conducted for the research. The interviews provided insights into the current and 
future of adaptation measures to climate change impacts and the importance of
including such issues in the CZMP. In addition it focused on what participants o f the
top management, experts, and specialists, see as the way forward in taking climate 
change impacts as the basis for developing coastal management planning, two 
qualitative studies were carried out: the semi-structured interviews and a case study. 
The following discussion of the major themes draws together this data. The major 
themes reflect the following:
1- Different consequences of climate change related hazards along the coastline 
of Oman (including floods, fisheries and population).
2- Vulnerability assessment initiative.
3- Mitigation measures to climate change impacts.
4- Obstacles and difficulties in CZMP to tackle climate change hazards.
5- Plan strategies to tackle CC.
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6- Awareness programs; and
7- Legislation and policy.
The main aim of this chapter is to present the analysis and interpretations of the 
qualitative data collected. Out of the total 20 planned qualitative interviews, 15 
interviewees were initially willing to participate in the survey including one interview 
for the case study, which has been conducted between January and April 2012. The 5 
remaining of the interviewees were either still have no working plan with climate 
change associated issues or were difficult to find a representative with climate change 
related issues experiences therefore they apologized to be included in the survey.
The interviewees were representative of:
1- Governmental Concemed Authorities.
2- Private Sectors (include both environmental consultants and coastal projects 
which had experienced affects resulted from previous historical climate 
change impacts to climate change); and
3- A Non Governmental Organization (NGO which represented by 
Environmental Society o f Oman).
All of the selected interviewees have been selected carefully focused on their working 
experiences and roles on climate change related issues (i.e. impacts, adaptation and 
mitigation plans and strategies).
The interviews provided an insight into the constmction o f arguments about climate 
change adaptation and management in a dynamic and professional context. The 
interviews were confidential and unfortunately all o f the participants refused to record 
the interview, therefore, detailed notes were taken in these cases. The interviews 
ranged from 20 minutes to 2 hours and averaged 50 minutes. Importantly, the issue of 
validity was addressed by asking a number o f interviewees to comments on the 
analysis.
Unlike quantitative data, the qualitative data analysis is a challenging and very 
complex part of the research, which has received limited theoretical attention 
(Casterle et al, 2011).
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As has been described earlier in chapter four, qualitative data can provide a rich 
descriptions and explanations that demonstrate the flow of the research and leading to 
unanticipated findings (Gray, 2009). However, according to Vincent et al (2002), 
there is not one single way to analyze qualitative data; it is an eclectic process in 
which you try to make sense of the information. Therefore, the approaches to data 
analysis espoused by qualitative writers will vary considerably.
Gilbert (2009) and Gray (2009) recommended simultaneous data collection and 
analysis for generating categories and building theories. Thus, the purpose of 
analyzing the qualitative data is to find meaning in the data.
7.2. Stages of Qualitative Data Analysis
Data analysis in the qualitative research involves three main stages: transcription and 
organization, coding and recoding and summarizing and interpreting (Gray, 2009). 
However, in this particular research in addition to three main steps, the researcher 
added one more step which is translation. The following paragraphs discuss briefly 
how the four stages of qualitative data were achieved.
Transcription and organization
Translation
Coding and Recoding
Summarizing and Interpreting
Figure 7.1 Steps of Analyzing the Qualitative Data.
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7.2.1 Stage One: Transcription and Organization:
Transcription and organization was the first stage in qualitative data analysis. In this 
stage, the researcher read and reread the notes in order to become familiar with data. 
Then, the researcher put the open-ended questions into an organized form and 
completed the notes of the interviews. Next, the researcher read and reread again and 
took notes while reading.
7.2.2 Stage Two: Translation
This stage was an important stage as the researcher tried her best to translate most of 
the data from Arabic into English without changing the meaning.
7.2.3 Stage Three: Coding and Recoding
In this stage, the researcher identified the main categories and themes. As she became 
familiar with the data and the issues arose from the interviews, she found that the 
facilitating factors could be themed into seven main principles related to the coastal 
zone management planning in dealing with climate change impacts. Moreover, while 
reading and rereading, translating, coding and recoding, the researcher separated the 
responses of the different stakeholders. However, in the interviews, there were slight 
differences, so they are presented separately.
7.2.4 Stage Four: Summarizing and Interpreting Data
The last but most important of all stages was summarizing and interpreting data. In 
this stage, the researcher had to present the massive amount of data in a well- 
organized, easy to read and understandable way. Thus, the summary of the key issues 
according to the seven themes was selected, as will be seen later in this chapter. Later, 
the researcher reflected on the data presented trying to understand and interpret it.
The interviews first were transcribed to organize the collected data by themes, issues, 
concepts, propositions, etc. The process of identifying salient themes and generating 
categories involved noting patterns evident in the setting and expressed by 
participants.
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7.3: Participantes Details & Background: 
Table 7.1 Participants details& background
Participant Organization Title
A. Ministry of Environment & Climate 
Affairs
Director of Climate Change 
assessment department
B. Climate Change Affairs Experts.
C. Ministry of Agriculture and Fisheries 
Wealth
Marine Affairs Expert
D. Harbor Specialist
E. Ministry of Transportation & 
Communication ( Director General of 
Meteorological )
Deputy General of 
Meteorological DG
F. Director of Meteorology
G. Meteorology Specialist
H. Ministry of Tourism Tourists Advisor
I. Ministry Regional Municipalities and 
Water Resources
Director of Dams
J Head of floods monitoring 
Section
K Supreme Committee for Town 
Planning
Environmental Planner
L Public Authority for Electricity and 
Water
Director of Operation
M Environmental Consultations Project Manager
N Environmental Society of Oman (NGO) Deputy of the Chair person
O Ghubrah Desalination Plant (The only 
participant for the case study)
Advisor
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Table 7.1 above shows the details o f all the 15 participants at the interview survey. 
The first two participants were from the main key responsible governmental authority 
in dealing with climate change issues the Ministry o f Environment and Climate 
Affairs. However, the remaining participants were from different concerned 
authorities dealing with climate change issues from different duties. The interviews 
had covered the key stakeholders of the research issue either from the governmental 
and private sectors in order to give comprehensive views about the effectiveness of 
current coastal zone management planning in dealing with different climate change 
impacts and each participant coded with an alphabet letter firom A to O.
7.4: Theme 1: Consequences of climate change along Oman’s 
coastlines (including floods, fisheries and population):
This theme discussed the different related consequences of climate change in Oman. 
The participants were asked to describe the different consequences of climate changes 
on Oman’s areas based on their experienced, available data and studies in addition to 
their agency roles in dealing with climate change. Thus, the participants were able to 
clearly identify the climate change impacts that were visible and affecting the coastal 
areas. The participants also argued on the major effects o f the past and current climate 
change impacts which might form the most serious impacts particularly on coastal 
areas.
The majority of the participants 10 out o f the 15 drew attention to the two major and 
immediate consequences of climate change which have many adverse impacts on the 
coastal areas o f Oman: first, cyclones and storms will affect the coastal life's severally 
because of the impacts of flooding caused by such events. Secondly, rising of sea 
level as a result o f climate change will have adverse effects on most coastal areas.
Participants I , M & E agreed on that: "during the past years, studies for Oman have 
shown a rise in temperature and a decrease in the amount of precipitation rates 
compare with the last 100 years data available".
On the other hand participant A stated:" if  sea levels raise the natural and especially 
man-made islands along the coastal areas and elsewhere may disappear. In addition, 
underground water salinity is also anticipated to be increased, and more land 
degradation will occur in the region and biodiversity on land and in the country will
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be affected. He reflected that "there are two major and immediate consequences of 
climate change: first, rising sea levels will affect coastlines and marine life severely 
and could impact on desalination plants that are the source of water for the region. 
Second, rising temperatures means increasing water demand and with falling 
freshwater levels and increasing salinity in sea water (which affects the efficiency of 
desalination plants), water scarcity is a fearsome prospect". However, he added that 
still further studies have to be carried out to assess the impacts of climate change on 
coastal areas of Oman.
The participant in the case study who considers flood related hazards commented on 
his experiences during the previous history events particularly with cyclone Gonu in 
2007:
’’Rising temperature due to global warming is on alarming factor which the 
entire world is facing now. Oman, however, is not an exemption. Temperature 
levels observed to be increasing gradually season after season. Thus, high 
temperature would result in high evaporation levels of the existing water 
resources resulting in shortage of water. An example of their experienced with 
climate change impacts He mentioned that: ’’During the bad weather conditions 
or rainy seasons, the possibility of high sea- tides is experienced and under worst 
conditions sea-water flooding is possible. And if the plant is not located on a high 
ground, even the floods from rain water run-off are possible”.
(Participant O)
Other associated comment related to this theme based on the different incidents was 
also raised. Partieipants L highlighted the current impaets of climate change on 
eoastal areas:
"Climate Change is a very general word which incorporates many factors and 
parameters such as Temperature, Wind, Radiation, Rains, Humidity, and Solar 
Intensity etc. For the purpose of our discussion here, we restrict the changes only 
for Rain and Temperature as this has direct or indirect impacts on all other 
parameters”.
He added also rising temperature due to Global warming is one alarming factor which 
the entire world is facing now. Oman is not an exemption, temperature levels are
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observed to be increasing gradually season after season. High temperatures would 
result in high evaporation levels o f the existing water resources resulting in shortage 
of water resources in general".
There were some concerns about the consequences of climate change on coastal 
projects. With one respondent (participant O) described the consequences of climate 
change related hazards resulted from the increase of sea temperature. He asserted 
that" due to such high temperature, the activities of "Algal Blooms" are enhanced 
resulting in proliferation of either "Green Algae and or Red Algae" and cause severe 
consequences on marine life's. Though the direct relation to increase in Algal Blooms 
corresponding to increase in temperature is yet to be fully established and studied, it 
has been our convinced observation that during high temperature seasons such Algal 
Blooms happen invariably.
A ddition a lly  he s ta te d  that such A lg a l B loom s (un i-cellu lar organism s) d irec tly  
con tribu te to the S u spen ded  S o lids leve l o f  the sea -w a te r  a n d  any high Total 
S u spen ded  S o lid  L evels  (TSS) o f  sea  w a ter  is n o t p e rm iss ib le  to be u sed  in R everse  
O sm osis W ater P la n ts as they w o u ld  c lo g  the f iltra tio n  p ro cess.
A lthough, the increase o f  TSS due to such A lg a l B loom s is n o t an issue w ith  M ulti 
S tage F lash  (E vaporation  Technology) W ater P la n ts (like the one in the G hubra  
P lan t),yet, the p ro b lem  is due to the ob jec tive  O d o r co n tr ib u ted  by  the d eca y in g  a lg a l  
organ ism s which g e t into the w a ter  inadvertently. M oreover, these a lg a e  g iv e  ou t 
som e hazards toxins as w e ll a t the tim e o f  decaying. So du rin g  such tim es it becom es  
im pera tive  a n d  inevitab le to s to p  the p ro d u ctio n  fro m  p la n ts . On m ore than tw o  
occasion s the P la n t in G hubra w a s su sp en d ed  p ro d u c tio n  due to the invasion  o f  such  
A lg a l B loom s.
P a rtic ip a n t O
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On the other hand, participant C highlighted that "climate change could affect marine 
ecosystem by changing the characteristic of physical parameters in the sea such as 
increasing of sea temperature, in addition, climate change resulted in existence of new 
species that entering the marine environment such as phytoplankton".
In general, the above comments highlighted the reality of what participants believe in 
the consequences of climate change that can seriously affect the coastal areas.
In regard to flood levels in Oman for the 50 and 100 years period, as the most severe 
impaets have ever been recorded during the past years. Participants J raised that:
''Oman is one o f several countries located in an arid zone that is subject to flash 
floods. In addition Oman is well known that it is under the impact o f  floods and 
severe periods o f rain depressions and cyclones from time to time. Records shows 
that major flash floods occurred in Oman were in (1989, 1997, 2002, 2003, 2005, 
2006, 2007 and 2010). Such data have been recorded in most o f the valleys (wadis) 
measuring stations in the Sultanate, in the Governorate o f Muscat for example 
there are 17 stations measure the valleys levels. There are data available stations 
for both the highest recorded data for flood levels and data for cyclone rates, which 
illustrate the level o f  flooding in the Sultanate during the registration periods not 
exceeding about 36 years old at the station. In addition, the valley measuring level 
for the highest period o f reading is also recorded. Ultimately, the data are analyzed 
using the equations o f many specialized flow values to obtain the maximum flood  
expected during periods offloods o f different frequency up to 200years".
Moreover Participant J mentioned that it is worth revealed that throughout history the 
highest reading of the values of flow o f the floods have been recorded in the Valley 
measurement station in Dhofar which had amounted to about (10,600) cubic meters 
per second in 1977, and the second-highest reading was recorded in the same station 
also had amounted to about (10,400) meters cubic per second in 1983, the third 
highest reading was recorded in station measurement and narrow valley in Muscat 
Governorate about (9,500) cubic meters per second in 1927, and a fourth reading was 
in the station and the Valley in Dhofar has amounted to about (8,250 ) cubic meters 
per second in 1977, and the fifth was reading about (8,160) cubic meters per seeond in 
the narrow valley in 2007 (Cyclone Gonu). He added, from such data we can observe 
that, although, Oman coastline is subject to tropical cyclone influence on an
2 1 4
infrequent basis, however, the cyclones rarely enter Oman Sea. Recently, in 2007 
cyclone Gonu entered the Oman Sea and was recorded as the strongest cyclone in the 
Arabian Sea, with 900 mm of rainfall on a single day and with damages o f about $4.2 
billion. Three years later, in 2010, the cyclone Phet made landfall in Oman and with 
$0.8 billion damages.
However, participant A stated that in regard to the main climate trends on coastal 
areas that still further studies should be carried out to determine the most impacts of 
climate change on coastal areas.
Signifieantly, these comments highlighted the partieipants arguments that they are 
seriously consider the alarms regarding the severe consequences o f climate change on 
coastal areas, particularly, the threat from the potential impacts caused with the recent 
tropical cyclones that had affected the country and caused loss o f life and substantial 
damage throughout the coastal areas o f Oman. Additionally, the interviewees 
expressed their concerns on the most immediate impacts and serious risks following 
an extreme weather event which cause damages to the coastal areas infrastructures, 
built environment, natural habitat, and threats to lives, health and livelihoods of 
coastal residents. However, these extreme events have to draw the attention for the 
decision makers in the country for an urgent need to develop a national strategy for 
climate change mitigation and adaptation process.
7.5 Theme 2 Vulnerability assessment initiatives:
A strong theme in the interview was the assessment of coastal vulnerability to climate 
change to identify to which extent the natural and socio-economic systems will be 
affected by climate change, the degree of change, the sensitivity o f the system, and 
the system’s ability to respond. Knowing the vulnerable systems will help the 
decision making to embed this knowledge into strategy and planning.
Although most of the interviewees have a positive attitude toward the importance of 
conducting vulnerability assessment method for the coastal areas of Oman to climate 
change, as a result plans can be prepared to ensure that their vulnerability is reduced 
and their potential to adapt to climate change is increased. A few of them identified
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the level of vulnerability and the assessed methods which have been conducted to 
reduce that vulnerability.
As one of the interviewee said:
"There is no doubt that the areas and populations most vulnerable to flooding are 
those located in or close to the wadis (dry river channel incised in the mountains). For 
example town of AL-Seeb at the (Muscat Governorate) is located at bottom of one of 
the most largest dam in the country, and are subjected to the risks of heavy floods due 
to the existence of three valley channels whieh directly divert water from the dam 
directly to the sea, these channels, however, have been reduced to view its course to 
become very narrow, in some cases non-existent due to the construction development 
and facilities continued in the region. For this, we find that the city of A1 Seeb is 
located in a major crisis and seriously vulnerable to flood related hazard zone.
Participant I
He added also the same situation is also can be found in a Rusayl town ( Governorate 
of Muscat) where reconstruction, urbanization and developments have covered most 
of the up and down stream of the wadis which resulted in reduction of flood flow 
channel capacity and caused more severity and rise in flood levels during heavy rain.
Additionally, he said that Wadi (AL Nasab) and Wadi A1 Khuwair ( in Muscat 
Governorate) all of which causes major disasters in their areas, especially the Wadi 
AL Nansab where the dam was constructed to protect the human life, but its capacity 
was not enough during the floods of cyclone Gonu where overflowing water from the 
top of spillway at side of the dam towards the village Ansab and from there to Athaiba 
and from there to Ghubra and the regions nearby, where the discharge is sufficient to 
accommodate the amount of water resulting from floods Gonu and Phet fulfilled.
Therefore, the wadi flooding from rainfall and storm events has been indentified to 
present serious risks to the areas that are located near or at the route of the wadi 
channels through loss and damage to housing, transport networking, water and energy 
infrastructure and tourism facilities.
He concluded, the area of Wadi Aday the most largest and hazardous wadi in Oman 
(Muscat Governorate) has been developed with different facilities on recent years and
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there is a lot of dumped debris in the channel which caused narrowing the main 
channel. The developments that were made in the area are in a high risk as they are 
dumping and narrowing the channel. Some of the historical floods in this area have 
made a big change and caused severe damages to major developments and 
infrastructures were floods of 1997 & 2007. The depth of the channel appear to be 1.5 
to 2 m but now things has changed completely because of the development and the 
filling that has been made in the recent years. (Participant I)
Participant J interfered on the related issue and said: "during 2007 & 2010 cyclones, 
consequences of past developments have significantly narrowed or changed the floods 
course of Wadi Aday which has become a significant flood threat to nearby areas. 
Trees that act as a flow obstruction within the wadi have been noted to worsen this 
problem".
In general participants I & J agreed that " the damaged caused during the past flood 
events due to the developments on wadi channels. Therefore flood control measures 
are needed and further development has to be directed away from flood prone zones. 
They revealed that understanding of local flood characteristics is essential to provide 
and identify necessary floods control measures, special emphasis will be made on the 
methods and facilities of similar flood data in the future". Moreover, there is an urgent 
need to be taken to protect and strengthening current defense against these events and 
to prevent any construction where overflow channel is high.
The interviewee in the case study also stressed how vulnerable is the coastal project to 
climate change impacts along the coastal areas, with its knowledge, beliefs could 
overcome the consequences:
Desalination Water Plants located along the sea-coast line are very much vulnerable 
to bad weather conditions. Almost all the major Water Plants are located along the 
coast line in Oman -  this is in order to have easy access to sea water which is the raw 
water for the plant and also for easy disposal of spent water from the plant. This is a 
normal design practice to avoid long and huge pumping mains or gravity mains to and 
from the water plants. However, during the bad weather conditions especially in the 
rainy seasons or during storm surges, the possibilities of high sea-tides are experience 
and under worst conditions sea-water flooding is possible. These clearly experienced 
during the past cyclone which hit the Country in 2007 & 2010. (Partieipant O)
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For the socio-economic losses associated with the climate change hazards, the 
participant of the case study commented based on their experience "Economic losses 
due to flooding and storms is primarily Cost involved. Whatever the damages created 
to the Assets need to be set right in a short time in order to revamp the system and put 
it into production status. Doing a maintenance job at a short time would naturally 
consume more budget than the original construction cost. This is one major loss in 
terms of Finance. There could be total or partial losses. Depending upon the severity 
of the losses and the nature of losses the rectification cost would vary". He added also 
"Water Production from Desalination Plants being a manufacturing Industry -  
obviously any interruption in the production would affect the Gross Domestic Product 
Index. As the GDP is based on the product (or output) approach, the income 
approach, and the expenditure approach, naturally any disturbance or imbalance in 
one of the parameters would disturb the other altering the Index. Due to reduction in 
production the revenue would be affected and the Government has to make alternate 
arrangements to provide the product to the eonsumers from some other way or source 
thus increasing the cost of delivery. As the revenue input is affected, the stakeholders 
would be affected and in turn the GDP. Though we do not have direct figures related 
to the shift of GDP Index we are sure that a prolonged and continuous outage of such 
infrastructures will have considerable negative impact on the GDP".
In contrary, other interviewee who concerned with vulnerability assessment plans has 
mentioned on the limitation of the current vulnerable assessment system in the 
country. Participant F expressed that:
Currently there is no model in Oman has been conducted to detect the relationship 
between the high waves and coastal vulnerabilities, yet, we have models for 
predictions of sea wave height, direction and there is a shortage in the number of 
monitoring stations. Therefore, it's fundamental for the country to conduct a 
vulnerability assessment system urgently, especially, after the bad experienced with 
previous cyclones.
On the other hand, the present practice of assessing vulnerability was also mentioned 
as one of other ongoing project. One of the partieipants commented that:
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We are in the process of modeling storm surges and generating vulnerability maps, he 
mentioned that, at this stage it's too early to give you any more details on such project 
because we only started to do it and waiting for the reports.
(Participant G)
Overall, it is interesting to look at different answers that the interviewees have 
considered vulnerability assessment need based on their work experiences. Most 
interviewees have agreed that climate change has the potential to impact the coastal 
areas in two ways; first through the direct damages from the potential increase in 
severity and frequency of highly visible extreme weather events; and secondly 
through medium and longer attrition of core economic activity, social and built 
infrastructure if risks are not managed. It becomes clear from the interviews that the 
interviewees, who consider flood-related impacts to be relevant, indicate that flooding 
is a sensitive and culturally important issue in Oman. The risk has a wide spatial 
extent and large impacts, in addition, flood-related problems are an underlying stress 
for population in hazard areas and an under-recognized issue while effects have been 
reported during previous cyclones.
Therefore, it is of great important for the country to develop a comprehensive 
assessment modeling for vulnerability analysis of the most flood risk exposure areas 
to generate good quality information that improves the understanding of the 
phenomena of climate change hazards, the resulting impacts, adaptation needs and the 
appropriate design and implementation of adaptation measures. In addition to ensure 
that new infrastructure can be built in a climate resilient approach.
7.6 Theme3 Mitigation measures:
The third theme discussed the mitigation measures, their achievements and the 
participants experience's about the current mitigation measures practices and to what 
extent the current program achieved to deal with climate change adaptation.
The participants that were able to articulate example of elimate change consequences 
on the coastal areas were also able to clearly identify what they felt was necessary to 
address adaptation. In general, the participants gave their views regarding the
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importance of integrating the appropriate mitigations and adaptation measures in 
order to enhance the conservation of coastal areas. The majority of the participants 
also agreed and stressed on the necessity of integration the current practices due to the 
synergy between the adaptation and mitigation measures which will also advance 
sustainable development.
Furthermore, some respondents reflected that the mitigation is very helpful and could 
contribute to reduce the vulnerability of natural ecosystems and socioeconomic 
systems to climate change hazards.
With regard to the mitigation measures whieh have already been implemented to deal 
with such consequences on fisheries and agriculture sectors, participant C pointed out 
that:
Long term data collection for climate change by using real time satellite data, remote 
sensing station data and images, fields collected data are been implemented already. 
Such data will definitely help the policy makers for suggesting an appropriate national 
response to climate change impacts.
Furthermore, an interesting finding was that the mitigation measures were taken more 
seriously into consideration after the bad experiences with Gonu and Phet cyclones in 
2007 and 2010 respectively.
For example participant O highlighted that:
"To avoid sea-water flooding, the entire new desalination plants though located closes 
by sea line are designed in such a way that they are on a higher ground level 
compared to the high mean-sea level. Observation of low - tides and high high-tides 
are observed over a period of time and season and the finished ground level of the 
proposed plant is decided. Existing and historieal tide level is also considered as 
references. In addition, proper drainage facilities are designed and constructed, and 
existing near-by wadi courses are diverted away from the plant location."
"Participant O"
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In regard to current practices, most participants agreed on the availability of number 
of mitigation measures to offset some of climate change impacts, particularly those 
for renewable energy and energy effieiency. Moreover, efforts have been 
implemented to phase out the ozone depletion substances. Participant O described 
their mitigation measures based on their experienced with the previously bad 
conditions in 2007 & 2010 respectively. He said that" during the past two bad weather 
conditions in Oman we faced moderate disturbance to the plants along the Northem- 
coast and a moderate to heavy damages to the plant along the East- coast. But that 
does not mean the plant need to be located inland but proper safety precautions and 
high ground locations should be selected away from water flooding streams (Wadis)".
He also pointed out that " water conservation measures have been enhanced by way of 
constructing ’’Check dams” or ’’Holding Dams” in various locations in the 
Sultanate to preserve huge quantities of seasonal wadi flows (from rains) which 
otherwise would go waste into the sea. Recently constructed ’’Wadi Dheykha Dam ” 
in Muscat Governorate is one such classic example which can hold millions of cubic 
meters of rain flow water. This stored water is used for both agricultural and 
community water supply purposes".
At the same time it is the bounden and prime duty of each and every resident of the 
Sultanate to act wisely and implement all the possible measures as advised by the 
Government to act and preserve the much needed "natural mineral" that is water 
instead of abusing and misusing by way extravagant usage. Every drop of water saved 
is a help to the mankind and the Country.
(Participant O)
On other hand, respondent M suggested that: For all the coastal tourism projects, 
climate change implications such as sea level raise are referred in EIA studies. 
However, the biggest problem in Oman to supplement our referring (in EIA) is lack of 
historical data on the coastal environmental aspects. Hence we recommend periodic 
monitoring, post project or during the project phase coastal environmental 
assessments, continuous online water quality buoys deployments for the coastal 
project developers, so that they contribute to the to the national historical 
environmental data base for that region. However, in most of the cases, it is based on
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the comments and recommendations of regulatory agencies that further specific 
studies will be undertaken by the developer to address the likely climate change 
implications and to plan the mitigations".
In trying to assess the mitigation measures which have implemented to tackle the 
problem of the climate ehange impacts, participants A & B explained that:
The following additional efforts are being made by the Ministry of Environment & 
Climate Affairs ( MEGA ) as a mitigation measures in Oman to tackle the related 
hazards of climate changes :-
Inclusion of Climate Change issues in the scope of work for the Environmental 
Impact Assessment (EIA) Studies for the large projects in Oman since the year 2007, 
in addition to the development of the guidelines to carry out the elimate change study. 
The main objective of the inclusion of climate change issues to EIA studies is to 
identify climate change consequences for both short and long terms over the design 
projeet and their vulnerability to climate change hazards, in addition to set the 
appropriate adaptation measures along with the mitigation measures which will be 
implemented by the project to protect it from any climatic change hazards.
In addition, the Ministry is Carrying out a regular Environmental Inspection Programs 
to the relevant projects in Oman in order to confirm the project compliance with the 
Environmental Conditions stipulated in the Environmental Permits.
They mentioned also the Ministry has included GHG (Green House Gases) reporting 
& climate change issues in to Monthly/ Quarterly Environmental Monitoring Reports 
submitted to the (MECA) by the different industrial projects. The Directorate General 
of Climate Affairs has also developed a specific reporting format which includes the 
several issues on industry’s planning & efforts on energy auditing, energy efficiency, 
exploration of Clean Development Mechanism (CDM) opportunities, GHG emission 
reporting including GHG sinks. The data collected are used to update & develop the 
country policy & strategies on the concerned Environmental issues particularly related 
to climate change impacts. Moreover, they affirmed that the Ministry has already 
developed a General Environmental Policy to encourage the relevant sectors in Oman 
particularly the Industrial sector to save energy consumption, improve energy
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efficiency and explore the possibility to adopt projects on renewable energy through 
Environmental Permitting System and Clean Development Mechanisms (CDM) 
Projects. In this regard the Ministry has issued the Regulation for the approval of 
(CDM) Projects under the Kyoto Protocol by the Ministerial Decision No. (30/2010); 
Updating the Regulation for the Control and Management of Ozone Depleting 
Substances (CDS) in 2005 in collaboration with the United Nation Environment 
Programme ( UNEP ); and finally establishment of the Designated National Authority 
(CDM-DNA) to promote the CDM Projects in Oman by issuing the Ministerial 
Decision No. (30/2010). Subsequently, new opportunities for the development of 
renewable energy, energy efficiency including climate change projects are unlocked 
in the country.
7.7 Theme 4 Obstacles and Difficulties:
Some of the participants emphasized that there would be difficulties in implementing 
coastal zone management planning dealing with elimate change for the reasons that 
related to certain aspects related to current planning and human resources available. 
Most of the developments facing a major problem in supplement their referring in 
environmental impact assessment studies due to lack of historical data on the coastal 
environmental aspects.
Another obstacle regarding planning development is the lack of integrated land use 
planning between the concerned authorities. Participants K commented about the 
mistakes in the current land use planning, where he mentioned that a lack of 
integrated plans between different authorities for land use has caused construction in 
most risk zones and there is was the biggest mistake in planning land use which 
require careful planning and cooperation to ensure the different developments are not 
highly vulnerable to future impacts. As a result the damage to the population and 
habitats during extreme events and cyclones will be reduced.
Additionally, participants K raised that:
"In the absence of comprehensive and integrated planning, in addition to the 
accelerating the pace of development which led to rely on local planning and planning 
at the sectoral level and at the project level definitely will result in conflicts and 
incompatibility between land uses and activities".
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The participant K also indicated that the obstacles in implementing CZMP in dealing 
with climate change which related to sharing data between stakeholders. One of these 
obstacles was the multiple data sources and the low level of qualitative and 
quantitative data available, and there are no effective mechanisms to save, exchange 
and update the data which led to the difficulty of coordination between stakeholders 
of urban planning on the one hand and between urban planning and sectoral planning 
on the other.
On the other hand, one of the participants commented about the lack human 
resources:
" A lack o f human resources working in the field  o f urban planning and the existence 
o f an urgent need to develop a system o f planning and capacity building o f human 
resources to meet the requirements o f the next stage”.
(Participant A).
Ultimately, many respondents made references to the limited legislation and laws to 
control and direct the work of planning and land use and update and amend the plans. 
However, they pointed out, lack of such policies and legislations to control the size 
and trends of planning developments led to the dispersion in the construction 
activities in cities and urban centers. Therefore basic policy initiatives are needed to 
protect investments in vulnerable areas, minimize coastland loss of vulnerable flood 
prone areas, and conserve natural ecosystems.
7.8 Theme 5 Strategic Planning:
The fifth theme was concerned with planning strategies and associated activities 
conducted to reduce the impacts of climate change on coastal areas. From the central 
point of view the issues of planning strategies for the impacts of climate change were 
stressed out. However, 12 out of 15 of the interviewees agreed on that they have no 
clear ideas about the strategic plans for climate change adaptation and they considered 
the strategic plans to be under the responsibilities of the Supreme Committee for Town 
Planning and other relevant committees. In addition they agreed that until recently the 
country has not conducted any strategic plan for addressing the hazards impacts of
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climate change on coastal areas. However, the partieipants from the Ministry of 
Environment and Climate affairs the main authority for developing climate change 
strategy were able to clearly answer the question on the strategic plans on the coastal 
zone management programs and involvement of the climate change impacts in such 
strategy.
Respondents A & B highlighted that" Oman has since the outlet of the blessed 
renaissance and due to the wise vision of His Majesty Sultan Qaboos Bin said and 
various Royal Directives laid the foundations of the sustainable environmental 
development. The integrated development strategy has taken in to consideration socio­
economic aspects, protection of the environment and conservation of its natural 
resources, and has realized the significance of establishing a balance between 
development requirements and environmental protection".
Oman has also been continually conscious about the consequences of the global 
warming and GHG reduction since last two decades and ratified the Kyoto Protocol 
vide Royal Decree No. (107 /2004). Further, Oman has taken a most vital 
accomplishment in this regard by issuing of Royal Decree (90/2007) to set up the 
Ministry of Environment & Climate Affairs (MECA) and designating a General 
Directorate of Climate Affairs within the Ministry to take care of issues associated to 
climate change and ozone depleting substances. The continuous developments of these 
bodies clearly reflect that there is a growing rise in the national concern for 
environment together with a need to sustain the related fields of the achievements. 
Additionally Oman’s institutions are now required to cope with the world’s new 
developments within the context of increasing inertest in the environment and the new 
issues emerging from the 1992-Eart summit in Rio de Janeiro and further confirmed 
by the Third World Summit held in South Africa in 2002.
Furthermore respondent A confirmed that "Oman is underway for the preparation of 
national policies on the climate change & development plans. Recently a project on 
climate change study of Muscat area has been conducted by a consultant which 
included the preparation of institutional set-up along with identifieation of 
vulnerabilities & mitigation measures".
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Other agency run programs to improve the preparation toward the hazards caused 
from the extreme events such as cyclones and storm surges in their strategic planning. 
For example participant J said that" the most important issue was the initiated of a 
preparation of the consultant studies for the establishment of dams to protect the 
human and the ecosystems from the heavy floods as was as the inelusion of the 
implementation of the new protection dams within the current five-year plan."
It was also recommended to raise the efficiency of protection on the internal and main 
roads and replacement of some bridges to ensure the flow of water flood will not 
cause any hazards.
7.9 Theme 6 Awareness programs:
The six themes is concerning the level of awareness programs of the climate change 
and associated risks among planners and the public. Most of the participants (9 of 15) 
agreed on that, admittedly, the level of awareness is poor as there is a general 
disregard/indifference to the fact that climate change is indeed happening and 
measures need to be taken to guard against its eminent impacts.
Moreover, Participant's N highlighted that:
Oman is predominantly a desert terrain. More than 80% of the total area of Oman is 
desert. Desertification due to malpractice and adverse bad land use and overgrazing in 
few of the negative man made features that need to be stooped as a matter of 
immediate urgency. He mentioned also, one can realistically assume that there is little 
awareness and knowledge of what is expected from the see level rise impacts for the 
next 3 decades on coastal areas. In addition, none has inkling what will happen to 
overfishing and commercial trawler fishing has the density and intensity of spread of 
illnesses.
Oman also is known to full with the dry zone with the annual precipitation level under 
100 mm. except for the monsoon effected south. The question of what might happen 
should the precipitation falls well below that average? The spread of extreme weather 
conditions (cyclones) is been experienced in the few past years is already causing 
havoc to land, people properties and extremely costly development. We should
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definitely do more not only on the disaster environmental management side, but also 
on building a strong education and awareness level.
On the other hand, two of the participants ( A& B) had agreed on the environmental 
information and awareness strategies which are based on the four main pivots; 
education, culture, media and direct contract. These pivots are mainly aimed at 
strengthening integral and comprehensive environmental awareness through: 
Promoting environmental friendly attitudes and tendencies; Addressing negative 
attitudes and habits towards environment and public health; Encouragement of efforts 
and trends towards preserving the environment and natural resources; Concentrating 
on the role of the family, schools, social activities and related establishments in the 
concern; Organizing awareness seminars & workshops among the industry and 
public. Such workshops are attended by all relevant stakeholders from government 
Agencies, private sectors, policy makers, research institutions & public. The relevant 
published materials are used to be prepared and distributed to the participants for 
more awareness on those Environmental issues. Such publications will help the 
society to be aware about the consequences of the climate changes and get a general 
idea of minimizing energy use in their daily life to combat climate change impacts.
The participants A& B also pointed out some facilitating factors such as published 
some guidance posters that combine both information and colorful illustration 
together with informative messages about various environment & climate change 
topics; Leaflets using simplified, easy to comprehend language and graphics are 
regularly published in order to address all levels of society via this awareness method 
specifically tailored to shed light on given subject and thus increase the level of 
related knowledge and responsive aehievements; and Other awareness modes such as 
Postcards, newspapers and audio-visual media, electronic books etc are also regularly 
published.
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7.10 Theme 7 Policy and Legislation:
Last theme refers to the policy and legislation placed to control the impacts of 
climate change in Oman. Many respondents agreed on the limitations of legislation 
and laws to control and direct the work of planning and land use and update and 
amend the plans, although, number of laws have already issued concerned different 
issues of climate change as mentioned earlier. They pointed out the lack of such 
policies and legislation to control the size and trends of developments has led to the 
dispersion in the construction activities in cities and urban eentres.
However, participant A asserted an important issue: "Oman is underway for the 
preparation of national policies on the climate change & development plans. The 
policies will recognize the ever continued pressures on coastal areas and the need of 
the society for developing these sites including the vulnerable ones. In addition, the 
policies will address the major impacts of climate change in a composed of actions 
and process emphasize on integration climate change considerations into national 
developments.
He also confirmed that currently a project on climate change study of Muscat area 
has been awarded to a consultant, who includes the preparation of institutional set­
up along with identification of vulnerabilities & mitigation measures.
Additionally they confirmed that " the Sultanate of Oman has been continually 
conscious about the consequences of the global warming and GHG reduction since last 
two decades and ratified the Kyoto Protocol vide Royal Decree No. (107 /2004). 
Further, Oman has taken a most vital accomplishment in this regard by issuing of 
Royal Decree (90/2007) to set up the Ministry of Environment & Climate Affairs 
(MECA) and designating a General Directorate of Climate Affairs within the Ministry 
to take care of issues associated to climate change and ozone depleting substances".
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7.11: Conclusion:
This chapter covered the analysis of the semi-structured interviews and the case 
study. The views of the fifteen interviewees were presented. The interview was 
divided into seven themes that included consequences of climate change in Oman, 
vulnerability assessment, mitigation measures, obstacles & difficulties, plan 
strategies, awareness and policy & legislation.
Despite some inconsistence in the detail and quality of the information provided, the 
set of replies allows to draw some clear conclusions about the level of adaptation 
initiatives and awareness underway in Oman. It come out from the analysis of the 
qualitative data that the interviewees, expect significant changes related to climate 
change hazards such as wadi flooding from the rainfall and storms on coastal areas 
which present serious risks to most vulnerable areas through loss and damage to 
infrastructure. These impacts also have wider socio-economic implications for the 
welfare and livelihood of vulnerable communities. Therefore, there is an urgent need 
to develop a comprehensive vulnerability assessment model for assessing different 
climate change hazards to identify and understand the appropriate adaptation and 
mitigation measure for those vulnerable areas and communities.
However, given the consideration of present adaptation activities, it seems still the 
interviewees believed to be lagging behind. A number of mitigation measures and 
initiatives are mentioned by interviewees, but many of them are still at the planning 
stage. Furthermore, adaptation activities currently seem to be focused on flood 
management and defense, while adaptation measures related to other climate change 
consequences such as sea level rise and preparing of the vulnerability assessment of 
other hazards do not yet seem to be widespread and considered.
In general, ehapter eight the discussion and the findings of the research in the 
relation to the literature review will be presented in depth and recommendations for 
future research will be brought forward and the chapter will finish with a conclusion.
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Chapter Eight 
Discussion and Conclusion:
8.0 Introduction:
This study aimed to evaluate the effectiveness of the current and planning national 
coastal zone management for adapting to current and future climate change impacts, 
particularly focusing on the impacts of SLR on coastal areas of Oman. Climate 
change induced sea-level rise has been recognized world-wide as a significant threat 
to most coastal areas (IPCC, 2007).
Based on the research aim, several objectives have been proposed as mentioned 
earlier in chapter 1& 4. In this chapter, by using the methodology stages mentioned in 
chapter 4; a comparison between research results from chapter 5 through 7 and the 
findings of other surveys and researches mentioned in the literature review will be 
made. The chapter will end with a conclusion that includes recommendations and 
suggestions for future research and the contribution of the study.
In this PhD and based on the available data in the literature review, the coastal 
vulnerability assessment approaches to sea-level and the countries case studies at 
international level for including climate change issues within CZMP several important 
lessons has been found out:
• Firstly, the review shows that the coastal areas of Oman are considered to be highly 
productive in terms of their contribution to the socio-economic, cultural and 
environmental issues such as fisheries, tourism, and ecosystems. However, since the 
last two decades several climate change impacts in addition to the existence human 
pressure on such areas have caused impacts of loss of economical, societal or 
environmental values, destruction of natural systems as a result of a single extreme 
event such as cyclones Gonu in 2007 & Phet in 2010, whieh in turn results in 
destructive flooding.
• Secondly, the study identified widely accepted approaches to vulnerability 
assessment tools developed by different international bodies in the field of climate
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change and environment. It is obvious that even though the different approaches seek 
to further the process of adaptation, they still need to be selected carefully as they are 
designed for different purposes and do not target the same users or situations.
• Thirdly, a review of the literature shows that, for elimate change adaptation 
strategies to work effectively within coastal zone management plans they need to be 
backed up by appropriate policies and regulations for their implementation; otherwise 
it will lead to failure at the long-term. This has been noted in some countries case 
study countries, who have already implemented coastal management measures with 
good policies. Although, Oman had developed CZM since the mid 80's, still, climate 
change issues are not fully involved in the CZM. Therefore, coastal governance, 
public awareness and involvement of the private stakeholders, local authorities seems 
to be low, and it should necessary to create a dialogue towards a concerted 
management of coastal zone.
8.1 Discussion pathway:
The analysis will be divided according to research findings. The findings of data will 
be presented in form of climate change impacts, vulnerability assessment and 
adaptation policies. Additionally, the data will be presented as per each research 
methodological approach findings i.e. based on the theoretical framework provided in 
ehapter 4 and the research methodology design; this chapter will discuss the findings 
based on the research objectives and the theoretical framework.
The analysis will go through the quantitative data findings and qualitative themes 
based on distributing the finding into impacts, mitigation and adaptation policies and 
outcomes. However, some facets may overlap and discussed in one place because 
they cover the same concept and results. Thus, the final aim is to answer the research 
question(s) and to achieve the theoretical framework and the research design proposed 
at this study.
Figure 8.1 Discussion Pathway
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impacts.
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Research Question: How effective is the CZMP in 
dealing with climate change impacts in Oman for the 
short and long term time scales (1970-2050)?^
Figure 1.8 shows the matrix analysis of this research in order to answer the 
research question.
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8.2 Discussion on research finding on evaluating the current coastal 
zone management planning to the current and future climate change 
hazardous:
8.2.1 Different consequences of climate change related hazardous and 
Vulnerability assessment to SLR:
The quantitative findings in chapters 5& 6 respectively have evidently indicated that 
most of the coastal areas of Oman are vulnerable to the effects of CC and SLR. The 
literature review clearly shows that there are different impacts of current climate 
change hazards on Oman's coastline based on the available and historical records. 
Therefore, the goal of this study is to increase the understanding of decision makers 
regarding the most vulnerable areas to the impaets of climate change and to assess the 
approaches, available tools and best practices in the increasing adaptation of coastal 
communities to climate change hazards especially in the Northern coastline of Oman, 
where the majority socio-economic development have taken place.
Storm surge and accelerated sea level rise pose serious threat to coastal habitat and 
socio-economic activities such as tourism and coastal settlements in the coastal zone 
of Oman, particularly in the Northern coastline (Muscat & AL Batinah Govemorates). 
Based on the coastal vulnerability index calculated in chapter 5 and the building of 
different scenarios in chapter 6, the coastal area of AL Batinah has been identified as 
being the highly vulnerable to the effects of CC & SLR (98.5 % of coastal line are 
highly vulnerable), followed by Muscat with 47.4% of the coastline classified as 
highly vulnerable to SLR.
Despite the fact that, as discussed previously in the literature review in chapter 3 of 
the thesis the coastal areas of Oman with significant and extensive residential, 
industrial and commercial activity may be severely affected by climate change in the 
future and some areas are already experiencing extreme stonns and flood events and 
the effects of coastal erosion.
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However, as I  argued in section 3A.2.2 Although, the satellite altimetry data fo r  the 
Sea o f Oman suggests a rise o f 6 mm over the past 10 years (Wilson,2007), however, 
further verification is required. In addition, as mentioned in the literature review at 
present there is no major national plan to assess vulnerability to impact o f SLR and 
the hazard is frequently considered minimum. This is mainly due to the lack o f  
relevant studies and to a very limited public awareness on SLR impact potential.
Evidently, the results represented in figures 6-3 & 6-4 in chapter 6 indicated that 
expected and absolute impacts of SLR on land areas and coastal population appear 
particularly severe in AL Batinah Coastal areas. The large figures for A1 Batinah 
result mostly from their relatively large coastal population where currently 56% of the 
total population lives in that area compared to other regions, in addition to its intense 
economical and coastal developments. The results in chapter 6 also illustrated that 
coastal area of AL Batinah is vulnerable under different SLR scenarios, where more 
than 80 km^ of the total existing land used may be inundated under 1 m SLR in 2100 
and exaggerated to more 190 Km^ under 5m.
However, inundation from SLR could lead to loss of biological diversity and adverse 
impacts on the diverse populations of birds, fishes, sea grasses and the ecosystem of 
the wetlands (fPCC, 2007). The second highly populated govemorate in the Country 
and with intense coastal developments is Muscat govemorate. The results for 
calculating CVI in chapter 5 indicated that (47.4%) of the total coastline length is 
highly vulnerable to SLR and (16.3%) classified as vulnerable. Whereas under I m 
SLR scenarios approximately 8 Km^ of the total existing land used will be inundated 
by SLR for 2100 and this may reach to 23 Km^ under 5 m SLR. The main threats of 
SLR will probably come from losing the areas habitats ecological functions and 
increased coastal erosion was also expected (fPCC, 2007).
It is also interesting to note the different vulnerable of coastal areas to SLR under 
different SLR scenarios. The results in chapter 6 have indicated that under 1 m SLR 
scenarios, a round 180 Km^ of the total land of AL Wusta Govemorate will be 
inundated by SLR for 2100. Therefore, this govemorate is the most affected areas by 
SLR for 2100 comparing with the other Govemorates. In contrast, a total of about 240 
Km^ the total area of AL Sharquiya Govemorate will be affected by 5 m SLR. The
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total vulnerable coastal areas of both govemorates based on CVI calculation in 
chapter 5 are 45.4% & 45.5% respectively. Although they are more affected under 
different SLR scenarios as has been shown in figure 6-2, however, AL Batinah and 
Muscat with their intense population, roads, urban areas and coastal developments 
would bear the heaviest socio-economic monetary losses as a result of SLR impacts. 
This in tum will also affect coastal developments, wetlands, agricultural areas, 
recreation and natural resources along the coast of the most highly vulnerable areas.
These findings and previous studies (EL-Raey,2009; Sowers & Weinthal,2010; 
Kumetat,2009; IPCC,2007) viewed in chapter of the thesis ( figure 3.11 & 3.16) have 
similarly noted the potential population affected on coastal areas of Oman to SLR 
with 1,2,3,4 & 5 M SLR scenarios
One of the most important finding in this research was that vulnerability to severe and 
accelerating SLR can be compounded by high population density along the coast, 
presence of infrastmcture, susceptibility of coastal regions to storms and 
environmental stressors which clearly observed in A1 Batinah and Muscat from the 
results in chapter 5& 6. This is clearly approved in the 5* DPCC report that reveals 
that in spite of the importance of coastal areas, the rate of sea-level rise since the mid- 
19th century has been larger than the mean rate during the previous two millennia and 
such consequence will continue to threaten these areas. As a result problems such as 
coastal inundation, saltwater intmsion and coastal erosion will cause impacts of loss 
of land with economical, societal or environmental values, destmction of natural sea 
defenses(usually a dune system).
The interview outcome analysis supports the quantitative results in regard to the most 
severe consequences of climate change on Oman coastlines. The results show that 10 
out of 15 interviewees agreed that sea level rise and flood risks are considered as 
major consequences of climate change on most of coastal areas of Oman. These 
interviewees believed that the affects will be severe on the coastal structures, human 
life and loss of marine biodiversity which are one of main the attractions for the 
tourism industry in Oman. Respondents in my research also explicitly agreed that 
government should urgently take into consideration in early stages adaptation
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measures to climate change impacts on coastal areas and integrated those measure 
with the CZMP.
The findings from both the quantitative data and the interviews regard different 
current and future consequences of climate change impacts of Oman are strongly 
supports the previous studies that focused on the main impacts expected from climate 
change on Oman coastal areas (Fritz et al, 2010; Dibajnia et al, 2009),which are 
related to the changes in the frequency and intensity of extreme weather events 
particularly storms and cyclones and their associated frequency of flooding and sea 
level rise impacts. Consequences from such climate change drivers could lead to 
serious displacement of people, commercial and industrial activities. Moreover, 
climate change will pose risks and challenges both for people, including their physical 
and mental health, and for coastal economies and different local industries such as 
fisheries, agriculture and tourism (IPCC, 2007) .Although, previous studies had not 
provided enough information on the potential impacts of sea level rise on Oman 
coastal areas. These deficiencies have been addressed by this thesis, which has 
presented findings from a detailed quantitative and qualitative data analysis already 
presented in the chapters 5, 6 and 7 of the thesis respectively, and approved evidently 
that coastal area of Oman are vulnerable to current and future impacts of SLR with 
different vulnerability levels.
Furthermore, the participants from the interview have agreed on the importance of 
assessing coastal vulnerability to climate change and considered the vulnerability 
assessment as a key issue in addressing different policy purposes related to coastal 
vulnerability and in particular to highlight most critical regions. This findings is also 
similar to the previous studies which stated that the vulnerability assessment should 
adopt an integrated approach considering climate change and socio-economic 
developments and the understanding of vulnerability would enable coastal 
policymakers to anticipate impacts which could result from climate changes, then, the 
priorities management efforts which could be undertaken to minimize risks or reduce 
possible consequences could be considered and implemented (Klein, 2002; Dolan & 
Walker,2004; IPCC, 1992).
In summary, this research provides a deep understanding and findings of different 
coastal areas vulnerability to CC & SLR and the future projected impacts of SLR on
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such areas based on calculating coastal vulnerability index and development of 
different SLR scenarios approaches.
8.2.2 The effectiveness of current planning strategies for managing 
climate change impacts (on ecosystems and human systems) in 
Oman’s coastal zones.
Despite the existence of several indictors at the national level for the mitigation 
measures which have been already implemented in the country to deal with climate 
change impacts, yet, the interview survey showed currently there is no system of 
integrating current CZMP with CC issues and there is little existing policy at a 
national level that has the potential to minimize risks and other harmful impacts of 
climate change on coastal zones.
The participants from the interview survey agreed that adaptation measures are an 
important strategy in reducing the adverse impacts of climate change on Oman coastal 
areas and associated natural and human systems. Consequently, there is a need to 
develop and implement adaptation strategies which will require the active 
involvement of all parties in the country, government sectors, private sectors and the 
community. Nevertheless, the respondents felt the development of adaptation strategy 
will have significant challenges due to uncertainties in climate change science and in 
projections of possible climate change at a national level.
One of the successes motivation was the mitigation measures which were addressed 
more seriously into consideration at the governmental level after the bad experiences 
with Gonu and Phet cyclones in 2007 and 2010 respectively such as proper designed 
and construction of flooding facilities and existing near-by wadi courses are diverted 
away from the inhabited location.
Additionally, the inclusion of climate change issues in the scope of work for the 
Environmental Impact Assessment (EIA) Studies for the large projects in Oman since 
the year 2007 and the development of the guidelines to carry out the climate change 
study. All these efforts had led to better understanding and identify climate change
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vulnerabilities over coastal projects along with the mitigation measures which will be 
implemented by the project to conserve the projects and associated ecosystem and the 
population from the hazards of any climate change impacts.
This also supported from previous studies which reflect the significant importance of 
developing and implementing adaptation strategy to increase resilience to present and 
future risks of climate change. Furthermore, basic adaptation policies are needed to 
protect investments in vulnerable areas, minimize coastal loss, control coastal erosion 
and conserve natural ecosystems (IPCC, 2007).
As has been highlighted earlier in chapter 3 the literatures review the importance of 
integrating CZMP with related CC impacts and issues. It was clearly emphasized that 
the impacts of climate change, vulnerability assessment, mitigation measures and 
definition of adequate adaptation measures should be taken into considerations and 
included in the whole planning of ICZM (Klein & Nicholls, 1998). Therefore, it will 
allows for better understanding of the different effects of pressure and stressing 
factors on coastal areas and communities, including climate change impacts and their 
interrelations. In addition, the ICZM will recognize the best way to deal with current 
and long term coastal problems. Particularly, when the climate change assessments 
have shown that such changes are not the most crucial issues for a coastal region, but 
the pressures from the population growth and economic development have already 
created problems and hazards on those areas (Klein,2002).
However, the interview survey has found some obstacles and difficulties in regard to 
climate change adaptation strategy in Oman and the effectiveness of the current 
CZMP to deal with CC impacts. A number of participants are unsatisfied with the 
current strategies and associated activities conducted to reduce the impacts of climate 
change on coastal areas. They felt they have no clear ideas about the strategic plans 
for climate change adaptation and they considered the strategic plans to be under the 
responsibilities of the Supreme Committee for Town Planning and other relevant 
committees. Moreover, they agreed that until recently the country has not conducted 
any comprehensive strategy for addressing the hazards impacts of climate change on 
coastal areas. This findings are consistent with the argue which I have mentioned 
earlier in section 3.5 the literature review ''until recently it is argued that the climate
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changes are not included in CZMP, therefore, many efforts should be a top priority 
fo r  the governmental agencies charged with land use planning and natural resource 
management".
The interview data has also shows other obstacles for the current CZMP in dealing 
with climate change impacts that concerned with the awareness programs. Most of the 
participants agreed that the level of awareness is poor as there is a general 
disregard/indifference to the fact that climate change is indeed happening and 
measures need to be taken to guard against its eminent impacts.
Participants N felt that there is little awareness and knowledge of what is the expected 
impacts and level of SLR will be for the coming 3 decades. He also expressed his 
concern about the lack of awareness program on the associated hazards of the climate 
change on marine biodiversity such as the problem links to the overfishing and 
commercial trawler fishing and intensity of spread of illnesses.
On the other hand, two of the participants ( A& B) satisfied with the current 
environmental information and awareness programs on climate change impacts and 
response which are based on the four main pivots; education, culture, media and 
direct contract. They highlighted the benefits of carrying out such programs in 
identifying the role of the families, schools, social activities and related 
establishments in response to climate change hazards. Furthermore, organizing 
different seminars, workshops and educated publications for the industries and the 
public will help the society to be aware about the consequences of the climate changes 
and get a general idea of minimizing energy use in their daily life to combat climate 
change impacts.
Consequently, this research has found a gap regarding the awareness programs, where 
the concerned people (through the interview with a member of the NGO) emphasized 
on the successes of the current activities, on the other hand, and other participants 
revealed the poorness of such activities. There is therefore no increased awareness of 
the risk of climate change hazards such as flooding and sea level rise amongst those 
most likely to be affected by these climate change impacts or those already affected. 
Better environmental public awareness is needed. There is also a need for capacity
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building to enable the concerned authorities to play a major role in planning, 
coordinating and implementing adaptation programs of action.
8.3 Conclusion:
Climate change is a reality. According the fourth report of IPCC (2007) storm events 
are becoming more frequent and of higher magnitudes and sea-levels are predicted to 
rise from 8-88 centimeters by 2100 and highlighted that a natural hazard that is 
expected to affect coastal areas in the near future is the anticipated coastline retreat 
due to sea-level rise. However this thesis has evidently approved Oman is at risk of 
climate change & SLR impacts which will increase the hazards and risks associated 
with coastal zones. Yet further social, economic, and environmental loss in coastal 
communities can be prevented and greatly benefits through the development of 
comprehensive coastal zone management planning and implementation of land-use 
planning at a national level.
Previous scientific research has identified coastal areas as dynamic and complex 
multi-function systems. Coastal systems are characterized by important ecological and 
natural values, which are essential for the human well-being. Therefore, a wide 
number of activities such as human socio-economic activities (including tourism, 
industrial production, agricultural, urbanization and port activities, etc) occur in these 
areas. However, human activities are usually conflicting with the need to preserve 
natural coastal systems and their ecological processes. Additionally, climate change 
impacts add additional pressure on coastal areas, makes such areas vulnerable to 
potential climate change key drivers which increasing vulnerability on already 
vulnerable areas, including intensification of already occurring impacts and new 
impacts (IPCC, 2007; Yasuhara et al, 2011, Kennedy et al, 2002; Klein & Nicholls, 
1998; Al-Naser & Merzaa,2003).
Oman is not exceptional to the hardest impacts of climate change that fall upon the 
coastal zones. As has been shown earlier in chapters two and three of the research, the 
coastal zone of Oman is intense economically and demographically (MRME & WR, 
2003). Evidently, climate change adds additional pressure on Oman coastal system, 
consequently increasing vulnerability on already high vulnerable areas such AL
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Batinah Govemorates where 98.5% of the coastline is highly vulnerable to climate 
change impacts, including new impacts, intensification of already occurring impacts, 
synergic and cascading effects.
Therefore, this research evidently provides a deep understanding and findings of 
coastal areas vulnerability to climate change impacts particularly to the projected 
future hazards of SLR based on calculating coastal vulnerability index and 
development of different SLR scenarios approaches.
This research indicates a general lack of explicit attention to “climate change” in 
many government plans in Oman. At the same time, however, this research also 
reveals through a more in-depth analysis that despite this lack of explicit mention, a 
number of mitigations that climate change might necessitate are indeed already 
underway in Oman through several government-concerned authorities, such as 
identification and delineation of critically vulnerable areas to floods resulted from the 
extreme weather events such cyclone and storms.
In particular, considerable progress has been made after Gonu cyclone (2007) in 
implementing such projects. Wide arrays of proper design for floods drainage have 
been constructed to reduce the risks of destructive floods during extreme weather 
events in more prone risk areas. In addition to include the impacts of climate change 
on all coastal developments when preparing Environmental Impact Assessment Study, 
to understand the impacts of future climate change on such projects and address 
proper mitigation measures. All these measures are likely to contribute to reducing the 
vulnerability of Oman to climate change impacts.
However, there are also limitations of legislation and laws to control and direct the 
work of planning and land use and update and amend the plans particularly when 
concerning impacts associated with climate change drivers. The lack of such policies 
and legislation to control the size and trends of developments, however, has led to the 
dispersion in the construction activities in cities and urban centres.
With regard to structural adaptations such as coastal embankment and coastal erosion 
reduction, even though it is true that many of these measures have already been
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integrated in development projects and policies in Oman, there remains an ongoing 
challenge with regard to their durability and sustainability. For example, there is an 
urgent need to integrate SLR consideration into national development plans and 
policies. Although, SLR is a gradual process, still it is possible to consider adaptation 
measures now that can render future infrastructure investment less vulnerable to SLR.
The goals of developing and implementing climate change policy and land-use 
planning (particularly within coastal zones) and integrated such plans with CZMP are 
to reduce risks associated with climate change in coastal zones and to take advantage 
of new opportunities.
The first step in the development of a proactive land-use planning strategy is to gain a 
better and more comprehensive awareness of current data and information on climate 
change and its effect on coastal zones. Local data can help assess vulnerabilities 
specific to certain regions and be the base for innovative policies aimed at reducing 
socioeconomic and environmental hazards within the coastal zone.
As has been discussed in the literature review, previous studies have focused on the 
main impacts expected from climate change on Oman coastal areas that are related to 
the changes in the frequency and intensity of extreme weather events particularly 
storms and cyclones and their associated frequencies of flooding. Consequences from 
such impacts could lead to serious displacement of people, commercial and industrial 
activities (Fritz et al, 2010; Dibajnia et al, 2009). On the other hand, previous studies 
had not provided a clear picture of the potential sea level rise impacts on the Oman 
coastal areas.
These deficiencies have been addressed by this thesis, which has presented findings 
from a detailed quantitative and qualitative data analysis already presented in the 
chapters 5, 6 and 7 of the thesis respectively.
Although Oman had developed a CZMP since mid 80's, however, the climate change 
issues are still not integrated into current CZMP and this evidently observed from the 
thesis. There are no current clear policies, regulations, thoughts on the technical and 
institutional aspects of adaptation to CC & SLR in Oman.
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Experiences from the other countries have showed that processes of including climate 
change issues in CZMP are very complex and dynamic, and often involve numerous 
assessments depending on existing plans and conditions. The success of any policy 
depends on the ability to address the interlocking issues of natural resilience to the 
change, financial considerations, the local capacity to deal with effects of the change, 
effective planning policies, which depends on data and informed decisions.
At present most of the policy perspectives deal to tackle the consequences of flood 
impacts resulted from the storms and cyclones. In contrast, no policy perspectives to 
include long term evolution and associated SLR influence. Therefore, a hard and long 
term commitment has urgently to be made in order to encourage coastal managers and 
general public to impacts of climate change and associated direct and indirect social 
and economical impacts, particularly changes related with SLR as such changes are 
slow and almost unnoticeable. In addition, coastal mangers should realize the 
significant need to begin advance planning of integrating CZMP with climate change 
issues.
In its attempt to integrate CZMP with CC issues, the government representing by 
concerned authorities have already adapted some mitigation measures. However, to 
reduce the vulnerability of coastal areas to different CC impacts, particularly, future 
SLR impacts, they should initiate effective policies that aim at minimizing risks of 
exposure, reinforcing adaptive capacity of the society as well as ecosystems, adopting 
more mitigation measures at national level.
This research also revealed a lack of adaptive capacity, which is likely to increase the 
vulnerability of disadvantaged coastal areas to climate change. Adaptation of coastal 
areas should be a key policy priority and it is likely to require several agencies and 
local and national authorities to work together and look at regeneration, flood, coastal 
erosion management, SLR impacts and emergency planning. Klein et al (2000) 
highlighted the adaptation to climate change in coastal zones should be viewed as a 
process that comprises more than merely the implementation of technologies to 
protect against, retreat from, or accommodate sea level rise.
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Therefore, one of the most important issues for many coastal nations now is to 
develop a proactive and sustainable adaptation plans and policies to deal with the 
present and future impacts of climate change and associated sea level rise. There is 
also a need for all nations to prepare adaptive responses to reduce impacts of climate 
change irrespective of the possibility of mitigating some of the more extreme effects 
through emissions controls. The IPCC (2007) recognized that one way of increasing 
adaptive capacity is by introducing sustainable development planning through 
adaptation measures in land use planning and infrastructure design including 
measures to reduce vulnerability in existing disaster zones.
Adaptation is an ongoing, flexible process that seeks to increase resilience to present 
and future risks. Therefore, it is drastically important for Oman to develop and adopt a 
proactive, systematic, and integrated approach, which is cost-effective and offers 
durable and long-term solutions. Moreover, it is important to consider that climate 
risks and adaptation priorities vary across regions, countries and sectors (IPCC, 2007).
The integration of CZMP with CC requires a strong inter-govemmental policy and 
planning coordination among various ministries and different levels of government. 
The absence of these features has adversely affected the development and 
implementation of appropriate adaptation strategies in the country despite the creation 
of the institutional and policy framework (Klein & Nicholls, 1998; IPCC, 2007).
Unlike mitigation, critical adaptation decisions tend to emerge and be more strongly 
expressed at the local level. Therefore, stakeholder engagement is necessary for the 
identification of appropriate adaptation measures. This can be facilitated by raising 
public awareness of climate change and its impacts, including uncertain, future 
impacts. Government concerned authorities must also be educated about the impacts 
of climate change and adaptation. In order to address the major impacts of CC in a 
plan it is also imperative to mainstream climate change adaptation into the process of 
development policy planning.
Given that climate change will impact individuals, social and economical sectors in 
different Oman coastal areas quite differently, climate change adaptation requires a 
locally-led vision with strong national support. Additionally, more understanding of
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the coastal communities and the associated vulnerabilities to predicted climate change 
impacts is needed in national coastal defense planning. At a national level, adaptation 
to climate change should be a mainstreamed local priority. It is also important that 
investment in sea defenses is linked to the wider regeneration of the area to ensure 
that economic and social benefits are maximized. Thus, better information needs to be 
provided for current and future generations in coastal settlements.
People accommodation along the coastal areas, particularly, in prone risk areas all 
need to be made aware of the risks associated with climate change in their areas. 
Awareness-raising needs to support the development of understanding of what actions 
can be taken to reduce risks and address impacts.
For effectively addressing the differential nature of climate change impacts likely to 
affect Oman coastal areas in the near to medium-term future, a clear governance 
structure with identifiable, actionable roles and responsibilities is critically needed to 
be laid out. The government should also formulating sector specific development 
guidelines (industry, tourism, etc) to highlight the potential problems arising from 
climate change impacts to investors, and formulating guidelines and legislation for the 
implementation of ICZM.
Ultimately, decision-makers need to begin to recognize the diversity of the coast and 
the diverse communities that reside there at present and in the future. Decision­
makers need to carefully balance a nuanced understanding of climate change risks to 
the Oman coastal areas with continuing to encourage and value appropriate future 
investment in order to limit the potential of high-risk areas and for increased 
deficiency. Government should look at what can be improved (in terms of current 
policy responses and national development plans) as well as building on cross-sector 
approaches. There needs to be better integration, including partnership and 
collaboration, among the key sectors in climate change adaptation policy and practice.
The overall aim of this study is to bridge the gap between current knowledge, 
vulnerability assessment, adaptation and mitigation to CC and to evaluate the current 
practices of CZMP in dealing with the current and future CC impacts. This study 
through the development of vulnerability assessment model and through the interview
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survey achieves this objective successfully. The output values of the vulnerability 
model and SLR scenarios enable decision makers to interpret the characteristics of the 
coastal area, present status of the region, possible vulnerability in the future (if the 
same trend continues), possible ranges of vulnerability in the future (if different trends 
prevails) and possible adaptation options in general through the influence histogram. 
The uncertainty being a part of the whole modeling procedure is a recent concept 
proposed by several researchers, however with regards to coastal vulnerability 
assessments; this vulnerability assessment to Oman coastlines was first applied within 
this study. Both the vulnerability assessment outcomes and the integration of 
uncertainty for current practices strengthen the decision making process and can very 
well change the perception of stakeholders on implementation of measures for future 
sea level rise by giving them possible frameworks to base their decisions on.
8.4 Recommendation:
• Urgent need for integrated CC consideration into national existing 
development plans and policies:
Adaptation to climate change impacts needs to be a national plan priority. In order to 
manage the coastal resources effectively CZMP is needed through adopting of 
integrated approach towards the many different interests in both the land and marine 
components of the coast. Additionally, It is imperative to properly define and 
delineate the vulnerable and most risky zones. For land-use planning purposes this is 
done through:
• Creation of a comprehensive coastal zone land- use map with the integration 
of a more detailed risk assessment of climate change to include economic 
assessment and damage to major infrastructure.
• Identify the most risk zones and clearly emphasize that it is dynamic and 
always changing.
Identify existing plans that are insufficient and recommend new policies, 
legislations, institutional or plans as appropriate.
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• Carry out a detailed community based vulnerability analysis to indentify the 
most vulnerable people.
• Target and priorities adaptation actions at the most vulnerable areas, and key 
economic infrastructure.
If climate change impacts are not seen as a central government priority, this will 
reduce the incentive for local service providers and communities to consider climate 
change impacts. The new localism development plan may influence the management 
of climate change issues, with more emphasis on the local authority to take the lead. 
This should be sufficiently supported in terms of resources.
• Adaptive national institutions:
The research shows that the actions that have already been taken by concerned 
authorities often maladaptive such as building on the fioodplain. However, this can 
give communities the impression that adapting to climate change is not a priority. 
Consequently, adaptation needs to be integrated in all policies and activities by 
national authorities. Policies should focus on the impacts of climate change on 
vulnerable areas. Local authorities also need good information about the impacts of 
climate change and, as a starting point, how it will affect their areas and communities. 
Additionally, there is a require for strengthening the national capacity for monitoring 
CC and SLR dynamics and trends by developing institutional human resources 
capacity and national research. There should an integration of CC planning and 
implementation framework within the existing institutional and regulatory 
architecture and the government through the concerned authorities should prepare an 
integrated adaptation strategy for the built environment to include composite 
responses through infrastructure, utilities, building, transport, business and domestic 
sectors.
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•Good communication plan and involvement of communities:
There is often limited knowledge and understanding on climate change and sea level 
adaptation concepts and their implication at local level. Climate change is a new 
phenomenon with potential risks but limited reaction of policy makers. The research 
has found that the way climate change is communicated by different agencies, the 
government and the media (e.g. public awareness programs without clear messages 
about impacts, how to adapt to climate change impacts, emergency plan, etc.) is 
causing confusion and lack of trust in the messages. Therefore, good awareness of 
climate change should contain clear messages and have an emphasis on increasing 
understanding of the social impacts and the actions that can be taken to respond. In 
addition to the importance of public awareness rising on the potential effect of CC in 
general and SLR in particular. In addition, there should be a plan to develop a public 
awareness programmes for conservation of energy, water and resources to improve 
efficiency and resilience and plan to have a public awareness programmes to improve 
overall resilience to CC risks and impacts..
• Long-term development planning:
Vulnerable coastal areas as have shown in the thesis contain human settlements, 
industrial compounds and recreational facilities. Those areas are of high Priority, thus 
actions are needed to accommodate CC impacts and SLR in the design of new 
policies regarding building coastal and coastal structures and into local authorities 
land using planning. Therefore, avoid putting more people at risk and vulnerable 
zones and to control and management of development, as what is built today will be 
around in 50 or 100 years. Moreover, the government should create a GIS based 
coastal database management system to facilitate decision maker process regarding 
coastal areas, marine environments and their resources.
• Increased capacity building:
It is of great importance to increase the resilience of the coastal communities, local 
authorities and other key stakeholders by developing a good understanding of the 
risks associated with climate change, the range of climate impacts, uncertainties 
related to these impacts, how to communicate information about impacts and how to 
embed adaptation in all their policies and activities. This target can be achieved by:
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• Develop and implement annual training programme in technical climate 
change and implementation areas for relative staffs.
• Supporting the concerned authority with relevant skills and capacity to 
enhance responses to extremes climate change issues;
• Supporting disaster risk planning processes and responses with the provisions 
of appropriate and timely information to support existing efforts (data 
modeling and GIS risk modeling).
8.5 Suggestion for Future Research:
Future research can also be extended to whole areas on Oman not only the coastal 
zones to assess the vulnerability of the country to the different impacts of climate 
change. This will enable the government to have a clear understanding about the CC 
consequences and most vulnerable areas therefore can develop a comprehensive 
adaptation strategy to CC impacts for the whole the country. Further research is 
needed to study and indentify the impacts of CC and SLR on different coastal and 
marine resources such as thé impacts from the inundation of agricultural lands include 
damage to drainage systems and higher groundwater tables and impacts of SLR on 
exacerbated coastal erosion on already affected areas. Additionally, a research should 
be contacted to analyze the impacts of CC and SLR on the society and the economy of 
the country. As more and more people start to inhabit the coastal areas their 
vulnerability to these hazards climatic change impacts will also increase. Therefore, 
any assessment of coastal vulnerability must not only include physical aspects of a 
particular coastal area, but also its human components. So then a holistic assessment 
of the vulnerability of that coast to climate change hazards can be made.
Moreover, the development of a spatial GIS database to accommodate and interrelate 
the variables involved in the calculation of the CVI values (including morphology 
such as elevation data and coastal slopes, coastal landforms, geomorphology, relative 
sea-level changes, shoreline erosion or accretion, tidal range and wave heights) could 
be renewed and expanded further in order to incorporate new available data (e.g.
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storm surge), including new variables (e.g. sediment budget) in the future for better 
results of the CVI.
The outcome of such researches will help the decision makers to recognize the 
different socio-economic and environmental consequences of climate change on 
coastal areas and their associated systems and to plan a proper adaptation and 
mitigation measures for both current and future years.
8.6 Contribution of the Study:
This research should enable the policy and decision makers in MECA in Oman to 
better understanding despite the importance of coastal areas the different vulnerability 
of coastal areas to CC and particularly SLR, the research evidently approve that the 
coastal areas of Oman are under the risk of SLR with different vulnerability level. The 
research also identify the importance of integrating the CC issues with current CZMP 
to encourages a comprehensive approach that aims to ensure the inclusion of all 
significant influences on the coastal zone in a management strategy.
250
References:
Abudha,.P.A and Woodroffe,.C.D (2006). Assessing Vulnerability of Coasts to 
Climate Change: A review of approach and their application to the Australian Coast. 
Accessed 5-4-2011 downloaded twww.ro.uow.edu.au/scmaDers/1611
Adejuwon,.J. Azar,.C. Baethgen,.W. Hope,.C. Moss,.R. Leary,.N. Richel,.R. Van 
Ypersele,.J-P (2001). Overwiew of impacts, adaptation and vulnerability to climate 
change. In: Climate change impacts, adaptation and vulnerability. Contribution of 
working gropu II to the Third assessment report of the IPCC. McCarthy,. J.J. 
Canziani,.O.F. Leary,.N.A. Dokken,.D.J and White,.K.S (eds). Cambridge university 
press United Kingdom PP: 77:100.
Akbayrak,.B (2000). A comparison of two data collection methods: interviews and 
questionnaires. Hacettepe Universitesi Egitim Fakultesi Dergisi 18: 1-10.
Alam,.M.J.B and Ahmed,.F (2010). Modelling climate change: perspective and 
application in the context of Bangladesh. In: Indian Ocean Tropical Cyclones and 
Climate Change. Charabi,.Y (eds). Springer London New York.
Al- Hatrushi,.S. Kwarteng,.A. Sana,.A. Maclachlan,.A. Hamed,.K.AL Balushi,.A 
(2005). A preliminary assessment of available information on the status of erosion 
along the Batinah Coast. Report for Sultan Qaboos University.
Al- Maskari,.! (2010). How the National Forecasting centre in Oman Dealt with 
Tropical Cyclone Gonu. In: Indian Ocean Tropical Cyclones and Climate Change. 
Y.Charabi (eds). Springer Science and Business media.
Alnaser,.W.E and Merzaa,.M.K (2003). Profile of the climate change in the Kingdom 
of Bahrain. Environmetrics; 14: 761-773.
Azaz,. L.K.A (2010). Capabilities of using Remote Sensing and GIS for tropical 
cyclones forecasting, monitoring and damage assessment. Indian Ocean Tropical 
Cyclones and Climate Change. Y.Charabi (eds). Part 3,P: 177-186a.
Al Najar,. K.A., Salvekar P.S., 2010. Understanding the Tropical Cyclone Gonu. 
Indian Ocean Tropical Cyclones and Climate Changes,. Part 6,p: 359-369.
Al- Rawas,.G (2011). Flash flood modelling in Oman Wadi. Horizon P4.
2 5 1
Al-Rawas, G. & Valeo, G. (2007). Factors affecting flash flood modelling in arid 
regions’wadis. Proceedings of the 4th International Conference on Wadi 
Hydrology,Sultanate of Oman, 13 pp.
Al-Sarmi,.S and Washington,.R (2010). Recent observed climate change over the 
Arabian Peninsula. Unpublished.
Anfuso,.G and Del Pozo,. J.A.M (2009). Assessment of coastal ulnerbaility through 
the use of GIS tools in south sicily (Italy). Environmental management 43: 533-545.
Atkins, 2001. Environmental Monitoring of Sohar Port. Report for Ministry of 
Transport & Communication.
Baarse,. G (1995) Development of an operational tool for global vulnerability 
assessment (GVA): update of the number of people at risk due to sea-level rise and 
increased flood probabilities. CZM- Centre Publication No. 3, Ministry of Transport, 
Public Works and Water Management, The Hague.
Bechhofer, F. (2000), Principles of Research Design in the Social Sciences.
Blaxter, L., Hughes, C. and Tight, M. (2006) How to Research (3rd Edition). 
Buckingham,, GBR : Open University Press.
Baxter,.P & Jack,.S (2008). Qualitative case study methodology: study design and 
implemented for novice researcher. The qualitative report volume 13 (14): 544-559.
Blaxter,.L, Hughes,.C & Tight,.M (2001). How to research. Second edition. Loraine 
Blaxter, Christina Hughes and Malcolm Tight.
Britten, N., (1995). Qualitative Research: Qualitative interviews in medical research, 
British Medical Journal, 311:251-253.
Bosom,. E & Jimenez,.!.A (2011). Probabilistic coastal vulnerability assessment to 
storm at regional scale- application to catalan beaches (NW Mediterranean). Natural 
Hazards and Earth System Sciences 11: 475-484.
Bemstein,.L et al (2007). Synthesis report. Abdelkader,.A et al (eds). Working group 
contributions to the fourth assessment report of IPCC. Spain.
252
Bella,.N. Bramwell,.B (2005). Climate change and small islands tourism: policy 
maker and industry perspectives in Barbados. Journal of Travel research 44:32-41.
Bhaskharan,.B & Mitchell,.! (1998). Simulated changes in southeast Asian monsoon 
precipitation resulting from anthropogenic emission. International Journal 
Climatol,.18,1455-1462.
Bijlsma,. L et al (1995) Coastal Zones and Small Island. In: Climate change Impacts, 
Adaptation and Mitigation of Climate change: Scientific-Technical Analysis, 
Waston,. R.T; Zinyowera,. M.C; Moss,. R.H (eds). Contribution on the working 
Group II to the second assessment report of IPCC. Cambridge UK, pp: 289-324.
Bijlsma, L. Ehler, C.N. Klein, R.J.T. Kulshrestha, S.M. McLean, R.F. Mimura, N. 
Nicholls, R.J. Nurse, L.A. Perez Nieto, H. Stakhiv, E.Z. Tumer, R.K. Warrick, R.A. 
(1996), 'Coastal Zones and Small Islands', in R.T. Watson, M.C. Zinyowera, and R.H. 
Moss, Impacts Adaptations and Mitigation o f Climate Change: Scientific-Technical 
Analyses, Cambridge University Preess, Cambridge.
Bray,. M.N. (2007). Climate change and coastal management: A literature Review. 
Australian Maritime College. Australia.
Bmce, J.P. (1999), 'Disaster Loss Mitigation as an Adaptation to Climate Variability 
and Change', Mitigation and Adaptation Strategies for Global Change, vol.4, no. 3/4, 
pp. 295-306.
Barring L. and Laprise, R. (2005). High-resolution climate modeling Assessment, 
added value and applications. In: Extendend abstracts of a WMO/WCRP-sponsored 
regional scale climate modeling Workshop Lund (Sweden), 29 March-2 April 2004, 
Lund University electronic reports in physical geography 132pp.
Brochier,. F & Ramieri,. E (2001). Climate change impacts on the Mediterranean 
coastal zones. Downloaded at Iwww.feem.it/web/active/active-htm).
Bosom, E and Jimenez,.J.A (2011). Probalitic coastal vulnerability assessment to 
storms at regional scale application to Catalan Beach (NW Mediterranean). Natural 
Hazards and Earth System Science (11): 475-484.
253
Blaxter,.L, Hughes,.C & Tight,.M (2001). How to research. Second edition. Loraine 
Blaxter, Christina Hughes and Malcolm Tight.
Blount,.C., Hermann,.M,. Fritz,H.M, Al-Harthy,.A.H (2010). Coastal Vulnerability 
Assessment Based on Historical Tropical Cyclones in the Arabain Sea. Indian Ocean 
Tropical Cyclones and Climate Changes,. Part 4,p: 207-214.
Carter, D. (1997). Doing Quantitative Psychological Research: From Design to 
Report, Hove: Psychology Press.
Creswell, J., (1994). Research Design: Qualitative and Quantitative Approaches, 
Thousand Oaks: Sage.
Carter,. T (2010). Assessing impacts of climate change: an editioral essay. Accessed
3-4-2011. www.wilev.com/climatechnage: 479-482.
Church JA, Gregory JM, Huybrechts P, Kuhn M, Lambeck K, Nhuan MT, Qin D, 
Woodworth PL (2001) Changes in sea level. In: Houghton IT, Ding Y, Griggs DJ, 
Noguer M, van der Linden PJ, Xiaosu D (eds) Climate change 2001. The scientific 
basis. Cambridge University Press, Cambridge, pp 639-693.
Climate change literature review. Climate Change: Global, Regional and Urban -  An 
Introduction. Accessed 27-3-2011 downloaded at
(www.umlwisc.edu/ecoplan/content/lit-climate PDF).
Clouston,.N.H.B and Carvalho,.P (1999). Improving Coastal Vulnerability 
Assessment Methodologies for Integrated Coastal Zone Management: an Approach 
from South Australia. Australian Geographical Studies 37 (1): 50-69.
Collins,.M (2000). The EL- Nino- Southern Oscillation in the second Hadley Centre 
coupled model and its response to greenhouse wamiing. Journal climate, in press.
Crowley,.T.J (2000). Causes of climate change over the past 1000 years. Science 
289:270-277.
CENSUS, 2010. Available at www.omancensus.net. Accessed at 25/3/2011.
254
Charabi,.Y,.Al-yahyai,.S (2010). Integrated assessment of air pollution dispersion 
regimes in the main industrialized and urban areas in Oman. Saudi Society for Arab 
Geosciences. Springer.
Charabi,. Y., Al-Hatrushi S. (2010). Synoptic Aspects of Winter Rainfall Variability 
in Oman. Atmospheric Research. Volume 95, Issue 4, March 2010, p. 470-486.
Dawson,.B, Spannagle,.M. (2009). The Complete Guide to Climate Change. Brain 
Dawson and Matt Spannagle. Canada USA.
Denscombe, M. (2003) Good Research Guide : For Small-Scale Research Projects 
(2nd Edition). 2nd edition edn. Berkshire,, GBR England : McGraw-Hill Education.
Dasgupta,.S, Laplante,.B, Murray,.S, Wheeler,.D (2009). Sea-level rise and storm 
surges: A comparative analysis of impacts in developing countries. The World Bank, 
Development Research Group. Environmental Energy Team.
De groot,.T.A.M.(1999). Climate shifts and coastal changes in a geological 
perspective. A contribution to the integrated coastal zone management. Geologie en 
mijnbouw 77:351-361.
DE Bhowmick,.A.K, Thani,.M.A,. Al-Rawahi,.Y (2010). Cyclone Gonu and 
reliability of main interconnected transmission system of Oman.
Dibajnia,.M, Soltanpour.,M, Nair.,R., Allahyar,.M (2009). Cyclone Gonu The Most 
Intense tropical Cyclone in the Arabian Sea.
Dibajnia,M., Soltanpour,M., Scott,.D (2009) An assessment of climate change impact 
on cyclone frequency and design wave height in the Oman Sea. WMO 
International Conference on Indian Ocean Tropical Cyclone and Climate Change, 
Muscat, Sultanate of Oman, 8-11 March 2009.PP 19-28.
Dennis Kumetat (2009). Climate change in the Persian Gulf- regional security, 
sustainability strategies and research needs. Paper for conference: Climate Change, 
Social stress and violent conflicts’ Hamburg (19-20/11/2009).
Dobbin,.!. Association Inc. 1992. Coastal Erosion in Oman. Report for Ministry of 
Regional Municipalities and Environment.
25 5
Dolan,.A.H. Walker,.I.J (2004). Understading vulnerability of coastal communities to 
climate change related risks. Journal of coastal Research 39:
Douglas,.M.E, Kirshen,. P.H, Paolisso,. C.W, Wiggin,.J, Enrici,.A, Ruth,.M 
(2012).Coastal Flooding, climate change and environmental justice: identifying 
obstacles and incentives for adaptation in two metropolitan Boston Massachusetts 
communities. Journal of Mitigation adaptation strategy global change 17:537-562.
Dolan,.A.H & Walker,.I.J (2004). Understanding vulnerability of coastal communities 
to climate change related risks. Journal of coastal research 39:1316-1323.
Elasha,.B.O (2010). Mapping of climate change threats and human development 
impacts in the Arab Region. Accessed 30-1-2011.
(www.arab.hdr.org/publications/others/ahdi~ps/paper2-en.pdf).
El-Raey,.M (2009) Coastal areas. In: Arab Environment Climate Change: impacts of 
climate change on Arab Countries. Report of the Arab Forum for the Environment 
and Development. Tolba,.M.K and Saab,.N.W (eds). Arab forum for Environment and 
Development.
Elasha,.B.O (2010). Mapping of climate change threats and human development 
impacts in the Arab Region. Accessed 30-1-2011.
(www.arab.hdr.org/publications/others/ahdi~ps/paper2-en.pdf).
El-sayed,.H.m. Makram,.A.G (1994). Implications of climate change in the ROPME 
Region: An Overview. UNEP regional seas reports and studies No. 155. UNEP.
Environmental protection Agency (2010). Climate change science facts. Accessed 5-
4-2011. downloaded (www.epa.gov/climatechnage.).
Envrionemntal Literacy Council (2007). Global Climate Change Resource for 
Environmental Literacy. National Science Teachers Association. United States of 
America.
Evan,.A.T, Kossin,.J.P., Chung,.C & Ramanathan,.V (2011). Arabian Sea Tropical 
Cyclones Intensified by emissions of black carbon and other aerosols. Nature, 479 
(3):94-97.
256
Ehler,C.N, Cicin-Sain.B., Knecht,.R., South.R., Weiher.R (1997). Guidelines to assist 
policy makers and managers of coastal areas in the integration of coastal management 
programs and national climate change action plans. Ocean and Management 37 (1):7- 
27.
Fairbank.,H.E & Jakeways.,J (2007) Preparing for climate change impacts at the 
coast: Identifying patterns of risk and prioritising a response. International conference 
on land sliding and climate change, Ventnor, Isle of Wight 22-24 May 2007, Taylor 
and Frances Group, London UK.
Fankhauser, S. (1995b), Valuing Climate Change: The Economics of the Greenhouse, 
Earthscan, London.
Few,.R,.Ahem,.M,.Matthies,.F & Kovats,.S (2004). Floods, health and climate 
change: a strategic review. Tyndall Centre for climate change research 63:1-138.
Fisher, M. (1994). Another look at the variability of desert climates, using examples 
from Oman. Global Ecol. and Biogeog. Letters, Research Letter: 4: 79-87.
Frihy,.O.E,. EL-Sayed,.M (2012). Vulnerability risk assessment and adaptation to 
climate change induced sea level rise along the Mediterranean coast of Egypt. 
Springer Science & Business Media.
Fisher,.C (2010). Researching and writing a dissertation: An essential guide for 
business students. (3*^  ^edi). Pearson Education Limited. UK
Fritz,.H.Blount,.C.Al-busaidi,.F. Al-harthy,.A.H.M (2010). Cyclone Gonu storm 
surge in the Gulf of Oman. In: Indian Ocean Tropical Cyclones and Climate Change. 
Y.Charabi (eds). Springer and Business Media PP: 255-263.
Fierro,J.,(2004). Quantitative Research.
http://www.gsu.edu/~mstswh/courses/it7000/papers/quantita.htm. accessed on 
5/06/2011.
257
Glenn, J.C. (2010) Handbook of Research Methods. Jaipur, IND : Oxford Book 
Company Global Media.
Gray,.D.E (2009). Doing research in the real world 2^  ^edn.. David E. Gray UK
Green, J. and Britten, N.,( 1998). Qualitative research and evidence based medicine, 
British Medical Journal, 316: 1230-1232.
Greenhalgh, T.,( 2001). How to Read a Paper, 2^  ^ed., London: BMJ.
Garter,.T.R. Parry,.M.L. Harasawa,.H and Nishioka,.S (1994). IPCC Technical 
Climate change impacts and adaptations. University of London and Centre for Global 
Environmental Studies.
Givetz,.E.H. Zagnjar,.C. Raber,.G.T. Maurer,.E.P. Kareiva,.P. Lawler,.J (2009). 
Applied Climate Change Analysis: The climate Wizard Tool. Climate Wizard 4 (12): 
1-19.
Gomitz, V.M., Daniels, R.C.,White, T.W. & K.R. Birdwell (1994). The Development 
of a Coastal Vulnerability Assessment Database, Vulnerability to sea-level rise in the 
U.S. southeast. Journal of Coastal Research, Special Issue No. 12, 327-338.
Global Climate Change. Accessed 24-3-2011 downloaded at 
(www.dowload.climatescience.gov/usimpacts/pdf/globalpdf).
Gomitz,V., (1993). Mean sea level changes in the recent past. In: climate and sea 
level change, observations, projections and implications. Warrick,R.A., Barrow, E.M., 
and Wigley,T.M.L, (eds). P.25-44, Cambridge University Press.
Gregory,.J.M & Brady,.A.J (1997). Summer drought in northern midlatitude in a 
time-dependent C02 climate experiment. Journal of climate 10:662-686.
Garter,.T.R. Parry,.M.L. Harasawa,.H and Nishioka,.S (1994). IPCC Technical 
Climate change impacts and adaptations. University of London and Centre for Global 
Environmental Studies.
Givetz,.E.H. Zagnjar,.C. Raber,.G.T. Maurer,.E.P. Kareiva,.P. Lawler,.J (2009). 
Applied Climate Change Analysis: The climate Wizard Tool. Climate Wizard 4 (12): 
1-19.
258
Global Climate Change. Accessed 24-3-2011 downloaded at 
www.dowload.climatescience.gov/usimpacts/pdf/ globalpdf).
Gomitz, V.M., Daniels, R.C.,White, T.W. & K.R. Birdwell (1994). The Development 
of a Coastal Vulnerability Assessment Database, Vulnerability to sea-level rise in the 
U.S. southeast. Journal of Coastal Research, Special Issue No. 12, 327-338.
Harris,.P.G (2001). Assessing climate change: international cooperation and 
predications of environmental changes. Politics 21(1): 11-22.
Harris.,L & Brown,G (2010). Practical Assessment, Research & Evaluation. A peer 
reviewed electronic journal 15(1): 1-19.
Hopkins, W., (2000). Quantitative Research Design, PhD thesis. New Zealand: 
University of Otago.
Harver,.N. Clouston,.B and Carvalho,.P (1999). Improving coastal vulnerability 
assessment methodologies for integrated coastal zone management: an approach from 
south Australia. Australian Geographical Studies 37 (1): 50-69.
Hengeveled,.H (2006). The science of changing climates. In: climate change and 
managed ecosystems. La.,R. Price.,M.A. Apps,.M.J and Bhatti,.J.S (eds). Accessed 
13-3-2011 downloaded twww.crcnetbase.eom/doi/abs/10.1201/9781420037791.ch2T
Hennessy,.K.J,.Gregory,. J.M & Mitchell,.J.F.B (1997). Changes in daily precipitation 
under enhanced greenhouse conditions. Climate Dyn 13:667-680.
Houghton,.J.T. Gylvan Meria Filho,.L . Griggs,.D.J . Maskell,.K (1997). An 
introduction to simple models used in the IPCC second assessment report. IPCC 
technical paperll. IPCC.
Houghton,!. (2004), Global Warming: The Complete briefing. Cambridge University 
Press.
Hunt,. A. and Watkiss,.P (2007). Literature Review on climate change impacts on 
urban centres: Initial finding. Environmental Directorate Envimmental Policy 
Committee. United Kingdom.
25 9
Hunt,.A & Watkiss,.P (2011). Climate change impacts and adaptation in cities: a 
review of the literature. Climate change 104: 13-49.
Hughes,.L (2003). Climate change and Australia: Trends, Projections and Impacts. 
Austral Ecology 28: 423-443.
Harris.,L & Brown,G (2010). Practical Assessment, Research & Evaluation. A peer 
reviewed electronic joumal 15(1): 1-19.
Houghton,.J.T, Ding,.Y. Griggs,.D.J, Noguer,.M. Van der linden,.P.J, Dai,.X. 
Masked,.K and Johnson,.C.A (2001). The Scientific Basis. Contribution of Working 
Group I to the Third Assessment Report of IPCC. Cambridge University Press, 
Cambridge, United Kingdom and New York, NY, USA.
Huang,. J.C.K (1997). Climate change and integrated coastal zone management: a 
challenge for small islands nations. Ocean and Coastal Management, 37 (1): 95-1.
IPCC, 2001. Climate change 2001: impacts, adaptation, and vulnerability. 
Contribution of Working Group II to the third assessment report of the 
Intergovernmental Panel on Climate Change. Cambridge University Press, New York. 
1032 p.
IPCC (Intergovernmental Panel on Climate Change) (2001a). A Report of Working 
Group I of the Intergovernmental Panel on Climate Change. Summary for 
Policymakers. Intergovernmental Panel on Climate Change.
IPCC (Intergovernmental Panel on Climate Change) (2001b). Climate Change 2001: 
Impacts Adaptation, and Vulnerability. Summary for Policymakers.
Intergovernmental Panel on Climate Change IPCC (Intergovernmental Panel on 
Climate Change) (2001c). Climate Change 2001: Mitigation. Summary for 
Policymakers. Intergovernmental Panel on Climate Change.
IPCC (Intergovernmental Panel on Climate Change) (200Id). Climate Change 2001: 
Synthesis Report. Summary for Policymakers. Intergovernmental Panel on Climate 
Change.
260
IPCC, 1997. The regional impacts of climate change: An assessment of vulnerability. 
A special report of IPCC Working Group II., s.l.:s.n.
IPCC, 2013. Climate change, the Physical Science Basis: Summary for 
Policymakers, s.l.:s.n.
IPCC,2014. Climate Change 2014: Impacts, Adaptation and Vulnerability. Volume 1: 
Global and Sectoral Aspects. Summary of Policymakers,s.l.;s.n.
IPCC.,2014. Climate Change 2014: Mitigation of Climate Change: Summary of 
Policy Makers s.ks.n.
Jones,.R.N. Leemans,.R. Meams,.L.O. Nakicenovic,.N. Pittock,.A.B. Semenov,.S.M 
and Skea,.J (2001). Developing and applying scenarios. In: Contribution of Working 
Group II to Third Assessment Report of IPCC. McCarthy,. J.J et al (eds). University of 
Cambridge Press.
Kenndy,.V. Twilley,.R.Kleypas,.J.A. Cowan,.J.H. Hare,.S.T.(2002). Coastal and 
marine ecosystems & global climate change: Potential effects on U.S Resources. 
Accessed 25-3-2011. Downloaded (www.pewclimate.org/global-wanTLing-in- 
depth/all-reports/coastal and-marine-ecosystems).
Klein, R.J.T, Nicholls,R.J (1999). Assessment of coastal vulnerability to climate 
change. Ambio 28 (2): 182-187.
Klein,.R.J.T. Smith,.M.J, Goosen,.H and Hulsbergen,.C.H (1998). Resilience and 
vulnerability: coastal dynamics or Dutch dikes? The geographical journal 164 (3): 
259-268.
Klein, R.J.T, Nicholls,.R, Mimura.N (1999). Coastal adaptation to climate change: 
can the IPCC technical guidelines be applied? Mitigation and adaptation strategies 
for global ehange 4: 239-252.
Klein,.R.J.T (2002) Coastal vulnerability, resilience and adaptation to climate change: 
An interdisciplinary perspective. PhD thesis, Christian- Albrechts University Zu Kiel, 
Germany.
Kothavala,.Z (1997). Extreme precipitation events and the applicability of global 
climate models to study floods and droughts. Math.Comput.Simul 34:261-268.
261
Krishna,.M. K. and. Rao.S.R (2009).Study of the intensity of super cyclonic stonn 
GONU using satellite observations. International Journal of Applied Earth 
Observation and Geoinformation 11: 108-113.
Kumar,.A (2009). Reclaimed islands and new offshore townships in the Arabian Gulf: 
Potential natural hazards. Current science 96 (4): 480-485.
Kwarteng,. A.Y. Dorvlo,.A.S. Vijaya Kumar,. G.T. (2008). Analysis of a 27 year 
rainfall data (1977-2003) in the Sultanate of Oman. International Journal of 
Climatology 29: 605-617.
Kwarteng,.A. Homewood,.P and Mettraux,.M (2005). Remote sensing of the modem 
carbonate system of Bar Al-Hikman Peninsula, Oman. Accessed 10-8-2010. 
(www.ieeexpolre.ieee.org/stamp).
Knutson, T.R, McBride, J.R., Chan, J., Emanuel, K., Holland, G., Landsea, C., Held, 
I. kossin, J. P., Srivastava., A.K., Sugi, M. (2010). Tropical cyclones and climate 
change. Nature Geoscience 3,157-163.
Kuleshov,.Y. Jones,. L.Qi.d, Fawcett,.R,. Chane,.F and Mcbride,.J (2010). On 
developing a tropical cyclone archive and climatology for the South Indian and South 
Pacific Oceans. In: Indian Ocean Tropical Cyclones and Climate Change. Y.Charabi 
(eds). Springer and Business Media.
Kumetat,.D (2009).Climate change in the Persian Gulf -  regional security, 
sustainability strategies and research needs. Paper for the Conference: “Climate 
Change, Social Stress and Violent Conflict” 19-20- 11-2009, Hamburg. (Downloaded 
at:
www.peronsal.ise.ac.uk/kumetat/pdfs/kumetat climate change in the Persian gulD.
Kwarteng,. A. Homewood,.P and Mettraux,.M (2005). Remote sensing of the modem 
carbonate system of Bar Al-Hikman Peninsula, Oman. Accessed 10-8-2010. 
(www.ieeexpolre.ieee.org/stamp).
Kwarteng,. A.Y. Dorvlo,.A.S. Vijaya Kumar,. G.T. (2008). Analysis of a 27 year 
rainfall data (1977-2003) in the Sultanate of Oman. Intemational Joumal of 
Climatology 29: 605-617.
262
Kwarteng,. A.K (2010). Remote sensing imagery assessment of areas severely affected 
by cyclone Gonu in Muscat, Sultanate of Oman. In: Indian Ocean Tropical Cyclones 
and Climate Change. .Charabi,.Y (eds). Springer science & business media London 
New York.
Lewsey,.C.Cid,.G and Kruse,.E (2003). Assessing climate change impacts on coastal 
infrastructure in the Eastern Caribbean. Marine Policy 28: 393-409.
Martens, P. (2000). Climate change and diseases. New Scientist, 18 November 2000, 
Letter.
Mahapatra,.M. Ratheesh,.R & Raiawat,.A.S (2013). Sea level rise and coastal 
vulnerability assessment: A Review. Intemational Joumal of Geology, Earth & 
Environment Science ISSN: 2277-2081 (online).
Marabini,.F (2007). Coastal zone evaluation- evidence of climate change. In: 
Landslides and climate change challenge and solutions proceeding of intemational 
conferences on landslides and climate change venture. Isle of Wight, UK (21-24-5- 
2007) PP: 59-62. Taylor& Francis Group London UK.
Matthew B. Miles, A. M. Huberman (ed.) (1994) Qualitative data analysis: an 
expanded sourcebook, second edition edn. USA : Sage Publications.
Mclaughlin,.S and Cooper,.J.A.G (2011). A multi-scale coastal vulnerability index: A 
tool for coastal mangers? Environmental Hazards,9 (3), 233-248.
Meams,.L.O & Hulme,.M (2001). Climate Scenario Development. In: Climate change 
scientific basis workgroup I of IPCC. Carter,.T.R. Leemans,.R. Lal,.M and 
Whetton,.P (eds).IPCC.
Meehi,.G.A, Zwiers,.F, Evans,.J, Knutson,.T, Meams,.L & Whetton,.P (2000). Trends 
in extreme weather and climate events: Issues related to modelling extremes in 
projections of future climate change. Bulletin of American meteorological 
society.81 (3):427-436.
263
Mitchell, J.F.B. Karoly,.D.J (2001). Detection of Climate Change and Attributions of 
Causes. In: IPCC Third Assessment Report prepared by Working Group I of IPCC: 
The scientific basis. Semazzi,.F& Zillman,.! (eds). IPCC PP: 697-735.
Michel,.D and Pandya,.A (2010). Coastal zones and climate change. Accessed 19-3- 
2011. W W W .scribd.com/doc/33894135/coastal-zones-and-climate-change).
Minar.,M.H. Hassain,.M.B & Shamsuddin,.M.D (2013). Climate Change and Coastal 
Zone of Bangladesh: Vulnerability, Resilience and Adaptability. Middle- East Joumal 
of Scientific Research 13(1): 114-120.
Misra,A.K (2013). Climate change impact, mitigation, and adaptation strategies for 
agriculutmal and water resources in Ganga Plain (India). Mitigation adaptation 
strategy global change 18:673-689.
Moniml, M. and Mirza, Q., 2003. Climate change and extreme weather events: Can 
developing countries adapt? Climate Policy, 3, 233-248. RIEDLINGER, D. and 
BERKES.
Morton, A.,(2003). A Guide Through the Theory of Knowledge, 3^  ^ ed., Oxford: 
Blackwell.
MRME-Oman, Ministry of Regional Municipalities and Environment. (1999). 
National Report on the State of the Marine Environment. Ministry of Regional 
Municipalities, Environment and Water Resources. Muscat, Oman.
MRMEWR-Oman. 2003. National Report on the State of the Marine Environment. 
Ministry of Regional Municipalities, Environment and Water Resources. Muscat, 
Sultanate of Oman. 96 pp.
MRMEWR-Oman. 2003. National Report on the State of the Marine Environment. 
Ministry of Regional Municipalities, Environment and Water Resources. Muscat, 
Sultanate of Oman. 96 pp.
Ministry of Environment and Climate Affairs (2013). Initial national communication 
under the United Nations Framework Convention on Climate Change.
Ministry of Environment and Climate Affairs (2013). Climate Change Impact Study 
Report. Summary for policymakers.
26 4
Ministry of Information (2013). Oman 2012-2013. Ministry of Information 
Sultanate of Oman.
Mukhopadhyay,.A. Dasgupta,.R., Hazra,.S & Mitra,.D (2012). Coastal hazards and 
vulnerability: A Review. Intemational Joumal of Geology, Earth & Environment 
Science ISSN: 2277-2081 (online).
Muijs, D., 2004. Doing quantitative research in education with SPSS. London: SAGE
Murray, L (2005). Climate change and development consultation on key researchable 
issues, www.iied.org/climate-change/kev-issues/evaluating-adantation/climate-change 
and development-consultation-key-rese.
Mushtaque,.A (2012). Climate Change In Oman: current knowledge and way forward. 
Education, Business and Society: Contemporary Middle Eastem Issue:5 (4): 228-236.
Najjar,.R. Henry,.W. Anderson,.,P.J. Barron,.E.J. Bord,.R.J. Gibson,.J.R et al (2000). 
The impacts of climate change on the mid-atlantic coastal region. Climate research 
14:219-233.
Nicholls RJ, Hoozemans FMJ (1996) The Mediterranean: vulnerability to coastal 
implications of climate change. Ocean Coast Manage 31:105-132.
MWR-Oman, Ministry of Water Resources. (1991). Water Resources of the Sultanate 
of Oman -  An Introductoiy Guide. Ministry of Water Resources. Muscat, Sultanate of 
Oman.
Nasrallah,.H.A and Balling,.R.C (1993). Analysis of recent climatic changes in the 
Arabian Gulf Region. Environmental conservation 20 (3): 223-226.
Nicholls RJ (2004). Coastal flooding and wetland loss in the 21st century: changes 
under the SRES climate and socio-economic scenarios. Glob Environ Change 14:69- 
86 .
Neill, J.,( 2003). Analysis of professional literature: Quantitative Research Design: 
Experimental, Quasi-Experimental and Non-Exp erimental,
http://www.fortunecitv.com/greenfield/grizzlv/432/n'a2.htm, accessed 05/08/2011.
265
Newman, I. (1998), Qualitative-quantitative Research Methodology : Exploring the 
Interactive Continuum.
Nicholls, S. (2006). Climate change, tourism and outdoor recreation in Europe. 
Managing leisure 11(3): 151-163.
Nicholls,.RJ (2002). Analysis of global impacts of sea level rise: a case study of 
flooding. Physical and Chemistry of the Earth 27: 1455-1466.
Nicholls,.R.J, Lowe,.J.A (2004). Benefits of mitigation of climate change for coastal 
areas. Global environmental change 14:229-244.
Nicholls,.R.J., Wong.P.P (2007). Coastal system and low-lying areas. In: Parry ML, 
Canziani OF, Palutikof JF, Van der Linden PJ, Hanson CE (eds). Climate Change 
2007: Impacts, adaptation and vulnerability. Contribution of Working Group II to the 
fourth assessment report of the IPCC on Climate Change. Cambridge University 
Press, Cambridge pp 317-347
Nicholls and Mimura (1998), Regional issues raised by sea level and their policy 
implication. Climate Research, 11,5-18.
Nicholls, R.J, Wong,P.P, Burkett,V, Woodroffe,C.D., Hay,J. (2008). Climate change 
and coastal vulnerability assessment: scenarios for integrated assessment. Integrated 
research systems for sustainability science and springer. Special feature.3:89-102.
Nigel Gilbert, (ed.) (2008) Researching social life . Third edition edn. UK : SAGE.
01mos,.S, (2001) Vulnerability and adaptation to clomate change: concepts, issues, 
assessment methods. Prepared for Climate Change Knowledge Network -  Foundation 
Paper. (Download at www.cckn.net).
Patt,.A. Klein,.R.J.T. Leinert,.A.D L (2005). Taking the uncertainity in climate 
change vulnerability assessment seriously. C.R. Geoscience 337: 411-424.
Perry,.P.I (2011). Potential impacts of climate change on marine wild capture 
fisheries: an update. Joumal of Agriculture science 149: 63-75.
266
Poloczanska,.E.S. Babcock,.R.C. Bolter,.A. Hobday,.A.J. Guldberg,.O.H. Kunz,.T.J. 
Matear,.R. Milton,.D.A. Okey,.T.A and Richardson,.A.J (2007). Climate change and 
Australian marine life. Accessed 15-9-2010
(www.inist.fr/amodele=affichen&cpsidt.).
Patrick J.M. Costello. (2003) Action research, illustrated edition edn. GB : 
Continuum.
Piergiorgio Corbetta & Translated From The Italian By Bernard Patrick. (2003) Social 
research. GB London : Sage Publications Ltd.
Punch, K. (2000), Developing Effective Research Proposals.
Pickaver,.A.H, Gilbert,.C, Breton,.F. (2004). An indicator set to measure the progress 
in the implementation of integrated coastal zone management in Europe. Ocean & 
Coastal Management 47:449-462.
Purvis,M.J., Bates,.P.D, Hayes,.C.M. (2008). A probabilistic methodology to estimate 
future coastal flood risk due to sea level rise. Coastal engineering 55: 1026-1073.
Ravindranath, N. H., Joshi,. N. V. Sukumar,.R,. Indu K. Murthy and Suresh,. H. S. 
(2003). Vulnerability and Adaptation to Climate Change in the Forest Sector. In: 
Climate Change and India, Vulnerability Assessment and Adaptation, Eds. P. R. 
Shukla, Subodh K. Shanna, N. H. Ravindranath, Amit Garg and Sumana 
Bhattacharya, Universities Press, Hyderabad.
Richard,. B et al (2007). Summary of Policymakers, In : Climate Change 2007 The 
physical science basis. Solomon,. S.D. Qin,.M. Manning,.Z. Chen,.M. Maequis,.K.B. 
Averty,.M. and Miller.H.L (eds). Contribution of working group I to the Fourth 
Assessment Report of IPCC. Cambridge University Press, Cambridge United 
Kingdom and New York NY, USA.
Richard,.L.A.R and Phipps,.P.J (2007). Managing the impacts of climate change on 
vulnerable areas: A case study of the Western Isles, UK. Taylor and Francis group 
London. UK: 435-442.
26 7
Rigel,.B (2003). Climate Change and coral reefs: different effects in two high latiyude 
areas (Arabian Gulf, South Africa). Coral reef 22: 433-446.
Ruddiman WF (2001) Earth’s climate, past and present. W. H. Freeman and 
Company, New York. Sahai, B. (1999) Unravelling the “Lost” Vedic Saraswati. 
Mem. Geol. Society India, 42:121-141
Rabbani,G., Rahman,A,A.,Islam,.N (2010). Climate Change and Sea Level Rise: 
Issues and Challenges for Coastal Communities in the Indian Ocean Region. The 
Henry L.Stimson Center.
Ramieri,.E,. Hartley,. A., Barbanti,.A,. Santos,.F.D,. Gomes,.A,.Hilden,.M.
Laihonen,.?. Marinova,.N and Santini,.M (2011). Methods for assessing coastal 
vulnerability to climate change. ETC CCA technical paper 1/2011, Retrieved from: 
http// cca.eionet.europa.eu/reports/1.
Rayner,.S & Malone,.E.L (eds) 1998. Human choice and climate change. Climate 
Change 44 (1-2): 197-208.
Romieu,E , Vinchon,C. (2009). Coastal Vulnerability: Climate Change and Natural 
Hazards Perspective. Geophysical Research Abstract 11, EGU2009-12477-1.
Rummukainen, M, (2010). State-of-the-art with regional climate models. WFREs 
climate change. Vol. 1, Jan/Feb. 2010, Available at 
medid.wiley.com/assets/2219/.. ./W IREsclim atechangesam plearticle.pdf.
Sahin,.0 & Mohammed,.S (2010). Coastal vulnerability to sea level rise: A spatio- 
Tempral Decision Making Tool. IEEE.
Sahin,.0 & Mohammed,.S (2010). Coastal vulnerability to sea level rise: A spatio- 
Tempral Decision Making Tool. IEEE.
Schostak, J.F. (2005) Interviewing and Representation in Qualitative Research 
Projects. Berkshire,, GBR : McGraw-Hill Education.
Seale,.C, Gobo,.G, Gubrium,.J.F & Silverman,.D (2004) Qualitative research practice. 
SAGE.
268
Seale, C., (1998). Researching Society and Culture, London: Sage.
Sekaran, U.(, 2003). Research Methods for Business: A Skill Building Approach, 4^*^ 
ed.. New York: John Wiley & Sons.
Somekh, B. (2005) Action Research : A Methodology for Change and Development. 
Berkshire,, GBR : McGraw-Hill Education.
Spector, P.E., (2000). Industrial and Organizational Psychology: Research and 
Practice, 2"  ^ed.. New York: John Wiley & Sons.
Sullivan,.C and Meigh,.J (2005). Targeting attention on local vulnerability using an 
integrated index approach: the example of the climate vulnerability index. Water 
science and Technology 51(5): 69-78.
Szlafsztein,.C and Sterr,.H (2007). A GIS based vulnerability assessment of coastal 
natural hazrdas, state of Para, Brazil. Joumal of Coast Conservation (11): 53-66.
Sano,.M R Medina, T Smith R Tomlinson (2009) Towards a methodological 
framework to assess coastal climate change adaptive capacity in Australia and 
Europe.( Downloaded at www.coastalconfemece.com/20Q9/papers).
Solomon, S., D. Qin, M. Manning, Z, Chen, M. Marquis, K.B Avery, M. Tignor and 
H.L.Miller (eds.), (2007). In: climate change 2007: The physical Science Basis. 
Contribution Group to the Fourth Assessment Report of the Intergovernmental Panel 
on climate change. Cambridge University Press, Cambridge, United Kingdom and 
New York, NY, USA, 996pp.
Sowers,.J and Weithal,.E (2010). Climate change adaptation in the Middle East and 
North Africa: Challengeas and oppomnties. Accessed 25-2-2011.
(www.belfercentre.ksg.harvard.edu/files/sowers-weithal-Dl-working-paper-2-pdf).
Scafetta,.N (2010). Climate Change and Its Causes.A discussion about some key 
issues. Accessed 1-4-2011 (www.arixv.org/P5-cache/arxiv/pdf/1003/1003).
Sheppard,.C. Al-Husiani,.M. Al-Jamali,.F et al (2010).The Gulf: A young sea in 
decline. Marine Pollution Bulletin 60: 13-38.
269
Shidell,.D (2007). Estimating the potential for twenty- first century sudden climate 
change. Philosophical transactions: Mathmatical, physical and engineering science 
365(1860):2675-2694.
Shaw, J., Taylor, R.B., Forbes, D.L., Ruz, M.H. & S. Solomon (1998). Sensitivity of 
the Canadian Coast to Sea- Level Rise. Geological Survey of Canada Bulletin, 505, 
114 p.
Stainforth, D. A., Aina, T., Christensen, C., et al. (2005). Uncertainty in predictions of 
the climate response to rising levels of greenhouse gases. Nature, 433, 403-406.
Suda,.C.A (2000). Natural disaster preparedness, environmental degradation and 
sustainable development in Kenya. African study monographs 21(3):91-103.
Swart,.R. Robinson,.! and Cohen,. S (2003)Climate change and sustainable 
development: expanding the options. Climate Policy 3S1: S19-S40.
Travers,.A and Elrick,.C (2010). Climate change in the coastal zones of the 
Mediterranean. Priorty actions programme regional activity centre split. Accessed 15- 
3-2011. (www.coastalmanageinent.com).
Tsyban,.A. Everett,.! and Titus,.! (1990) World oceans and coastal zones. In: Climate 
Change. The IPCC Impacts Assessment (1990). Report prepared by IPCC Working 
Group II. McG Tegart,.W.J . Sheldon,.G.W and Griffiths,. D.C (eds). 
Commonwealth of Australia.PP:225-296.
Tim May (2002) Qualitative Research in Action. London,, GBR : SAGE Publications 
Inc. (US).
Thieler, E.R. & E.S. Hammar-klose (1999). National Assessment of Coastal 
Vulnerability to Sea-Level Rise, U.S. Atlantic Coast. U.S. Geological Survey, Open- 
File Report, 99-593 pp.
Torresan,. S, Critto,.A,.Dalle Valle,.M,. Harvey,.N and Antonio,.M (2008). Assessing 
coastal vulnerability to climate ehange: Comparing segmentation at global and 
regional scales. Sustainable Science (3): 45-65.
270
Tribbia,!., Moser.S.G (2008). More Than information: What coastal managers need to 
plan for Climate Change. Environmental Science and Policy 11:315-328.
Tyagi,.A, Bandyopadhyay,.B.K and Mohapatra,.M (2010). Montroing and predication 
of cyclonic distrubation over North Indian Ocean by Regional Speciliased 
Meterological Centre, New Delhi (India): Problems and Prospective. In: Indian Ocean 
Tropical Cyclones and Climate Change. Charabi,.Y (eds). Springer London New 
York.
Van der Linden J.P., & Handson, C.E. (Eds.), Climate Change 2007: Impacts, 
Adaptation and Vulnerability. Contribution of Working Group II to the Fourth 
Assessment Report of the Intergovernmental Panel on Climate Change (pp. 982pp). 
Cambridge,UK: Cambridge University Press.
Vincent,.K (2004). Creating an index of social vulnerability to climate change for 
Africa. Tynall Centre for Climate Change Research. Downloaded at: 
www.nrel.colostate.ed/flp/conant/SLM-Knowledge_base/Vinent.
Vellinga,.P and Klein,.R.J.T (1993). Climate change, sea level rise and integrated 
coastal zone management: An IPCC Approach. Ocean & Coastal Management 
21:245-268.
Vulnerability of arid and semi-arid regions to climate change impacts and adaptive 
strategies. Accessed 25-3-2011 Downloaded
(www.worldwatercouncil.org/climatechange/perspap-09-And-and-Semi).
Wall, G. (1998) 'Implications of global climate change for tourism and recreation in 
wetland areas'. Climatic Change, 40 (2), pp. 371-389.
Walliman, N. (2006) Social Research Methods. Sage Course Companions. SAGE 
Publications.
Wilson, S.C (2007). Climate Change associated risks in design levels at blue city. 
Consultant report by Five Ocean Ltd.
Wisker,.G (2008). The postgraduate research handbook: success with your 
MA,MPhil,EdD and PhD (2"  ^edition). Palgrave Macmillan US.
271
Yasuhara,.K, Komine,.H, Yokoki,.H, Suzuki,.!, Mimura, .N, Tamura,.M, 
Chen,.G.(2011). Effects of climate change on coastal disaters: new methodoloies and 
recent results. Sustainable science (6):219-232.
Yin, R. K. (2003) Case Study Research, 3rd edn. London, England: Sage 
Publications.
Yoo,.G. Hwang,.J,H,. Choi,.Ch (2011). Development and application of a 
methodology for vulnerability assessment of climate change in coastal cities. Ocean & 
Coastal Management 54:524-534.
Yin, R., 1984. Case study research: Design and methods. Beverly Hills, CA: Sage.
Yin,. R.K (1994). Case study research: design and method. (2"  ^ed). London: Sage.
Zwiers,.F.W & Kharin,.V.V (1998). Changes in the extremes of the climate simulated 
by CCC GMC2 under C02 doubling. Joumal of Climate 11:2200-2222.
272
Annexes;
Annex 1: Climate Change trends In Arabian Peninsula (Source A1 Sarmi & 
Washington, 2010).
Table 3.1 Analysis of the trends of selected stations in Arabian Peninsula with a 
record of more than 50 years.
Table 3 Regional Trends for the period 1980-2008 (AU-all Arabian Peninsula, NMon- Non-monsoonal subregion, Mon- Monsoonal subregion) and significance (o: + 
0.1, ♦ 0.05, ** 0.01, *** 0.001) and overall change o f mean, rnavimiim and minimum tençeratures, DTR and precipitation (percentages o f the base mean 1985-2005) 
over the Arabian Peninsula.
Mean Temperature Maximum Temperature
All NMon Mon All NMon Mon
Month Trend °C Trend ° °C Trend 'C Trend "C Trend °C Trend *c
Jan 0.24 0.7 0.21 0.6 0.21 0.6 -0.03 -0.1 -0.07 -02 0.17 0.5
Feb 0.64 1.9 0.70 *** 2.0 0.46 1.3 0.69 2.0 0.90 2.6 0.39 ♦ 1.1
Mar 0.53 1.5 0.63 ** 1.8 0.21 0.6 0.55 1.6 0.54 1.6 0.42 + 1.2
Apr 0.50 ♦ 1.5 0.59 * 1.7 0.28 * 0.8 0.36 1.0 0.51 1.5 0.13 0.4
May 0.52 1.5 0.68 *** 2.0 0.16 0.5 0.50 *** 1.4 0.44 13 0.63 * 1.8
Jun 0.37 1.1 0.51 *** 1.5 0.00 0.0 0.17 0.5 0.31 + 0.9 -0.09 -0.3
Jul 0.33 1.0 0J 9  *♦ 1.1 022 0.6 0.11 0.3 0.08 0 3 0.16 0.5
Aug 0.38 1.1 0.54 **♦ 1.6 -0.12 -0.4 0.29 + 0.8 0.41 ♦ 13 -031 -0.6
Sep 0.44 1.3 0.48 *** 1.4 0.22 + 0.6 0.27 ♦ 0.8 0.28 + 0.8 035 4- 0.7
Oct 0.40 1.2 0.51 1.5 0.24 ♦ 0.7 0.13 0.4 0.10 0.3 033 0.7
Nov 0.44 1.3 0.44 ♦+ 1.3 0.31 0.9 0.25 0.7 036 * 0.7 0.04 0.1
Dec 0.47 + 1.3 0.49 * 1.4 0.45 1.3 0.12 0.3 0.02 0.1 0 3 4 + 0.7
DJF 0.49 1.4 0.47 * 1.4 0.34 1.0 0.29 + 0.8 0.26 + 0.8 0 32 * 0.9
MA 0.56 1.6 0.64 ** 1.8 0.27 0.8 0.44 + 1.3 0.60 + 1.7 0 3 6 0.7
MJ 0.44 1.3 0.60 *** 1.7 0.10 0.3 0.32 ** 0.9 0.39 1.1 0.30 0.9
JAS 0.38 1.1 0.47 1.4 0.13 0.4 0.23 0.7 031 * 0.9 0.08 0.2
ON 0.41 1.2 0.48 ♦♦♦ 1.4 0.25 0.7 0.10 0.3 0.15 0.4 0.11 0.3
ANN 0.40 1.1 0.46 *+* 13 0.20 0.6 0.32 0.9 037 1.1 031 * 0.6
Minimum Temperature Diurnal Temperature Range
All NMon Mon All NMon Mon
Month Trend °C Trend Trend a ”c Trend ° c Trend a "c Trend ”c
Jan 0.31 0.9 0.22 0.6 0 3 5 + 1.0 -031 -0.9 -0.34 4- -1.0 -0 3 5 -0.7
Feb 0.77 2.2 0.76 * 2.2 0.85 * 2 3 -0.03 -0.1 0.09 0.2 -0.61 -1.8
Mar 0.56 * 1.6 0.65 1.9 0 3 4 1.0 0.05 0.1 0.06 0 3 0.01 0.0
Apr 0.83 2.4 0.96 * 2.8 0.47 * 1.4 -0 3 4 -0.7 -0.27 -0.8 -0 3 2 -0.6
May 0.71 2.1 0.81 2.3 0.39 * 1.1 -0.18 -0.5 -0.33 -1.0 0.44 1.3
Jun 0.68 2.0 0.76 2.2 03 9 1.1 -0.47 -1.4 -0.41 -1.2 -0.53 * -1 3
Jul 0.50 1.4 0.60 1.7 0 3 5 * 0.7 -0 3 9 * -1.1 -0.50 ♦♦ -1.4 -0.07 -0 3
Aug 0.59 1.7 0.67 1.9 0.46 1.3 -0 3 7 * -1.1 -0 3 2 -0.6 -0.56 *** -1.6
Sep 0.59 1.7 0.63 1.8 0.55 1.6 -0.42 * -1.2 -0.44 4- -1.3 -0.35 4- -1.0
Oct 0.85 2.5 1.00 2.9 0.58 1.7 -0.78 -2.3 -035 *** -2.8 -0.18 -0 3
Nov 0.59 1.7 0.53 * 1.5 0.74 2 3 -0.35 -1.0 -0.19 -0.5 -0.77 -2.2
Dec 0.42 + 13 0.41 13 0.61 * 1.8 -0.30 -0.9 -0.42 -1.2 -0 3 0 -0.6
DJF 0.51 ♦♦ 1.5 0.45 * 1.3 0.67 1.9 -0 3 0 -0.6 -0.09 -0.3 -0.40 4- -1 3
MA 0.53 1.5 0.66 1.9 0.39 4- 1.1 -0.12 -0.3 -0.10 -0.3 -0.15 -0.4
MJ 0.74 2.1 0.83 2.4 0.37 1.1 -0.25 4- -0.7 -0.31 4- -0.9 -0.16 -0.5
JAS 0.57 1.6 0.63 1.8 0.44 1.3 -0.36 *** -1.0 -0.35 -1.0 -0.37 -1.1
ON 0.70 2.0 0.73 2.1 0.64 1.8 -0.57 -1.6 -0.61 -1.8 -0.49 + -1.4
ANN 0.55 1.6 0.61 1.8 0.44 1.3 -0.26 -0.7 -0.21 ♦ -0.6 -0.25 * -0.7
27 3
Table 1 Continued:
Precipitation
All NMon Mon
Month. Trend a % Trend a % Trend a %
Jan 2.93 54.7 3.60 53.7 -0.22 -12.0
Feb -5.21 -106.2 -6.58 -102.1 -0.68 * -74.6
Mar -4.35 -64.2 -4.26 -55.3 -1.01 -232
Apr -1.39 -35.4 -1.66 -51.9 -0.31 -5.3
May -0.10 -6.3 -0.24 -23.7 0.93 30.4
Jun 0.17 17.9 0.46 $ 94.3 -0.20 -9.8
Jul -0.20 -7.6 0.25 13.6 -0.55 -11.6
Aug -0.50 -18.3 -0.52 -32.6 -120 -20.8
Sep -0.11 -10.8 0.00 0.0 -0.72 -38.6
Oct -0.01 -0.5 -0.04 -4.0 0.06 2.5
Nov 0.40 14.9 0.51 16.4 0.00 0.0
Dec 128 25.4 1.45 23.1 -0.03 -1.5
DJF -0.36 -7.2 0.29 4.5 -0.63 -43.3
MA -3.14 -58.7 -2.96 -54.4 -1.50 -29.4
MJ -0.01 -0.5 0.14 18.7 -0.16 -6.4
JAS -0.11 -5.2 -0.20 -14.5 -0.60 -14.6
ON 0.19 9.3 0.24 11.8 0.14 7.5
ANN -6.59 -16.9 -8.72 -21.7 -1.91 -5.3
27 4
Annex 2: The most important methods to collect data, provide information for 
assessment of coastal vulnerability to climate change
System description Data needed Methods to collect
Physical parameters
Coastal geomorphology and 
topography
-Mapping and available data 
- satellite remote sensing
Wind and wave regime - Satellite remote sensing
- available data (wind and wave 
stations)
Frequency of cyclones - Historical data
- Available modeling
Probable maximum surge height - Historical data
- Available modeling
Absolute sea level rise - Satellite remote sensing
- EPCC global system
Socio-economic values
Population density based on 
2010 census
Documents available
Land use Mapping
Satellite remote sensing
Annual growth rate of population Documents available
Population at risk Mapping
Satellite remote sensing 
Interviews
275
Data needed Methods to collect
Socio-economic values
Natural resources Mapping
Satellite remote sensing
Available data and 
interview
Socio- economic aspects Mapping
Interviews
Economic (infrastructure, Interviews and available
transport,) data
Legal and institutional - Available data
aiTangements
- Interviews
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